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® Photochemical generation of dyes. 



© A photosensitive element for the production of near infrared absorbing images having a photosensitive 
medium comprising a trialkyl orthoester, a photochemical source of a strong acid and a compound of the 
formula (I): 




1 1 

C=(C-C=)„CH2 



^ In which: 

n is 0 or 1 , 

^ R' and independently represent hydrogen or an alkyi group of up to 5 carbon atoms and 
IV Art and Ara represents aryl groups bearing an electron-donating substituent in the 4-position. 
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This invention relat s to th gen ration of dy s. particularly near infrared absorbing dy s (NIR dyes) by 
photochemical reaction of their precursors. The invention also relates to photosensitive lements capable of 
generating a NIR dye. 

Near Infrared absorbing dyes find widespread use in imaging and information storage, particularly when 
information is to be written or read by means of a laser diode or similar source. As well as the conventional 
photographic applications such as sensitisation. acutance and antihalation, NIR dyes find increasing use in 
the conversion of radiant energy to thermal energy in systems such as optical data storage (by ablation of 
dyed polymer layers) and laser-addressed thenmal transfer imaging. 

Tetra-arylpolymethine dyes have found use in many of these systems, as disclosed, for example, in 
U.S. Patent Nos. 4.547.444. 5.135.842 and 4,950.639. 

In certain systems, notably In optical data storage, it is desirable to have the dye present in a coated 
layer in accordance with a predetermined pattern. For example, in optical discs it is necessary to provide 
servo tracking information to enable the read/write head to find any specified location on the disc with 
precision. This "may be achieved by forming the storage media as a series of nanrowly spaced concentric 
rings. Recently, the need has arisen to provide similar laser-readable information as an additional layer on 
otherwise conventional magnetic data storage media as disclosed, for example, in our co-pending British 
Patent Application No. 9224003.5. 

A potentially attractive route for forming such a predetermined pattern of NIR dye is to create the dye 
by photochemical reaction of its precursors in response to image-wise light exposure. Unfortunately, very 
few suitable systems are known which allow such image-wise formation of NIR dye. European Patent No. 
68876 discloses photoimagable oxoinodolizine dyes which are NIR absorbing. The dyes are formed by a 
thermal reaction between cyclopropenone derivatives and certain pyridine derivatives. Selective photolysis 
of the cyclopropenone prior to thermal processing inhibits dye formation in light struck areas. 

The present invention provides an altemative photoimagable dye class, with the formation of dye 
enabled, rather than disabled, in the light struck areas. 

According to the present invention there is provided a photosensitive element for the production of near 
infrared absorbing images having a photosensitive medium comprising a trialkyi orthoester. a photochemical 
source of a strong acid and a compound of the formula (I): 



in which: 

n is 0 or 1 , 

Ri and R^ independently represent hydrogen or an alkyi group of up to 5 cartjon atoms and 

Ari and Ar2 represents aryl groups bearing an electron-releasing substituent in the 4-position. generally 
containing up to 15 skeletal atoms. 

The invention also provides a method of generating an image comprising a near infrared absorbing dye 
which comprises Image-wise exposing a photosensitive element of the invention to actinic radiation and 
optionally heating the exposed elements to develop the image. 

The invention finds particular utility in forming optical servo tracking systems on optical discs and 
magnetic discs and is also useful in other systems requiring the provision of laser readable information e.g. 
bar coding, security coding etc. 

Trialkyi orthoesters suitable for use in the invention have the general formula: 



in which: 

each R independently represents a lower alkyI group of up to 5 cartoon atoms, preferably each R is 
ethyl, and 

R5 represents a hydrogen atom, a lower alkyI group of up to 5 carbon atoms or an aryl group. 
Exemplary trialkyi orthoesters include triethyl orthoformat . triethylorthoacetate. trim thyl orthobenzoat 




I I 

C=(C-C=)„CH2 



(R0)3C-R5 



tc. 
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The photoch mical source f a strong acid is a compound which releases a strong acid (pKa<3. 
preferably <1) on exposure to actinic radiation. Such photoacid generators are well known and include 
photosensitive onium salts where th anion is PFe. AsFe. SbPe. BF4, CIO4. CFaSOa, etc.. such as 
sulphonium salts, iodonium salts and iron onium salts. Preferred onium salts include diaryliodonium salts. A 
5 sensitiser may be optionally included to extend the spectral sensitivity as is well known in the art provided It 
does not scavenge the photoacid. Polycyclic hydrocarbons (e.g. anthracene derivatives) are suitable 
sensitisers for use with onium salts. 

In the compounds of formula (I) n is preferably 0 and when n is 1 RVand are preferably hydrogen. 

Ari and M are preferably: 



para-R3R*N"CsH4- 
in which: 

R3 and R* independentiy represent alkyi groups of up to 5 carbon atoms, aryl groups or together 
T5 complete a 5. 6 or 7 membered ring e.g. pynrolidine. morpholine, piperidine. or R^ and R* complete a 
julolidine ring system. 

Ari and Ara may include other electron-releasing substituents in the 4- position, e.g., alkoxy groups and 
alkythio groups in which the alkyI group generally contain up to 5 carbon atoms. 

As is well understood in this technical area, a large degree of substitution is not only tolerated, but is 

20 often advisable. As a means of simplifying the discussion and recitation of tiiese groups, the terms "group" 
and "moiety" are used to differentiate between chemical species that allow for substitution or which may be 
substituted and those which do not or may not be so substituted. For example, the phrase "aikyi group" is 
intended to include not only pure hydrocarbon alkyI chains, such as methyl, ethyl, octyl, cyclo-hexyl, iso- 
octyl, tertbutyl and the like, but also alkyI chains bearing conventional substituents known in the art, such as 

25 hydroxyl, alkoxy. phenyl, halogen atoms (F, CI, Br and I), cyano, nitro, amino etc. The phrase "alkyI 
moiety" on the other hand is limited to the inclusion of only pure hydrocarbon aikyI chains, such as methyl, 
ethyl, propyl, cyclohexyl. iso-octyl. t-butyl and the like. 

The components of the photosensitive medium may be present in a single layer witii or without binder 
or distributed between 2 or more contiguous layers. A single layer is prefenred. Any of the commonly used 

30 film forming binders may be suitable provided there is adequate solubility in the coating solvent. The 
coating thickness will vary with the end use, but for optical servo tracking, very thin (<1um dry thickness) 
coatings with a minimum of binder are prefenred. The orthoester and acid source are normally each present 
to the extent of 50 to 60 mol% of the compound of formula (I). 

The photosensitive medium is exposed image-wise to a suitable source e.g. a UV lamp via a 

35 photographic mask. Exposure may be sufficient to complete the reaction and generate the NIR dye. 
However, a heating step, such as several minutes at about 70*C or above may be required to develop the 
image. The compound of formula (I) reacts with orthoester and is believed to yield a tetra-arylpolymethine 
dye of the following formula: 



in which: 

Rs is hydrogen, lower alkyI or aryl. 

To stabilise tfie image completely, orthoesters and photoacid generator may be removed by washing in 
50 dilute acid, altiiough this may not be necessary in many applications. Suitable acids include acetic acid. 

The invention will now be iliusti-ated by the following Examples in which the NIR dye generated was 
believed to have the formula: 
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IS where 

R5 = CeHs (Example 1) 
CHa (Example 2) 
H (Examples 3 to 5) 

20 Example 1 

A mixture of 1,1-bis(4-Dimethylamino)pheny [ethylene (Compound A) (0.5g. 1.9mmol), trimethyl or- 
thobenzoate (0.1 8g, Immol) and a triarylsulphonium salt photoinitlator commercially available from Min- 
nesota Mining and Manufacturing Company under the trade designation FX512 (0.5g) was dissolved In 
25 methylethyl ketone (MEK) (30ml). The mixture was then hand coated onto polyester and dried. 
Two techniques were employed: 

a) a sample was exposed to a 4kW Parker Graphic UV light source for 100 seconds. There was an 
immediate formation of a near infrared absorbing dye in the exposed regions. 

b) a sample was subjected to 10 seconds exposure with a handheld laboratory UV lamp followed by 
30 heating at 70 • C for 5 minutes. The latter process of thermal cure completes formation of a near infrared 

absorbing dye in the exposed regions. 

Example 2 

35 A mixture of Compound A (0.5g, 1.9mmol), triethyl orthoacetate, (0.1 6g, Immol) and FX512 (0.5g) was 
dissolved in MEK (30ml). The mixture was handcoated onto polyester. Two exposure techniques were 
employed: 

a) a sample was exposed to a Parker Graphics 4kW UV light source for 100 seconds. Formation of a NIR 
absorbing dye was observed in the exposed region. 
40 b) a sample was subjected to a 10 seconds exposure with a laboratory handheld UV light and then a 
thermal cure at 70 'C for 5 minutes resulting in formation of a near infrared absorbing dye in the 
exposed region. 

Example 3 

45 

A mixture of Compound A (0.25g, Immol) diphenyl iodonium hexafluorophosphate (0.22g. O.Smmol) and 
triethyl orthoformate (O.OSg. O.Smmol) was dissolved in MEK (15ml). The mixture was hand coated onto 
polyester and exposed using the handheld laboratory UV light for 15 seconds. The spectrum of the exposed 
coating had no absorption at 820nm. The sample was then heated at 70 'C for 5 minutes and a near 
50 infrared absorbing dye was produced in the exposed region. 

Example 4 

A mixture of Compound A (0.5g, 1.9mmol). Photoinitiator CG 24-61. 

55 
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commercially available from Ciba Geigy, (0.35g) and triethyorthoformate (0.1 5g. 1mmol) was dissolved 
together In ethanol (30ml) and hand coated onto polyester. The sample was exposed for 500 seconds to the 
4kW Parker Graphic UV lamp to give a coating which absorbed near infrared light. 4 micron line resolution 
could be achieved by exposing a sample through an Ugra Plate Control Wedge. 

Example 5 



A solution comprising: 



Compound A 


0.1 73g 


triethylorthoformate 


0.052g 


FX-512 


0.1 73g 


polyurethane resin (MHFU-II disclosed in U.S. Patent No. 4,837,082) 


0.350g 


RJ100 (a styryl/2-propen-I-ol copolymer commercially available from Monsanto) 


0.11 6g 


DESMODUR L75 (an aromatic isocyanate commercially available from Farbenfabriken Bayer AG) 


0.284g 


cyclohexanone 


100ml 



was spin coated onto two 8.75cm (3.5 inch) magnetic diskettes at speeds of lOOOrpm and 500rpm. The 
coated discs were each exposed to UV radiation through a suitable mask and heat treated at 95 * C for 5 
minutes to produce NIR dye in the exposed regions. The sample was then washed in aqueous acetic acid 
(1 0% solution), followed by water, to remove any unreacted photoinitiator. 

A TECHWAY 8.75cm (3.5 inches) external drive modified to provide an oscilloscope trigger signal was 
used to determine storage capacity. 

The disc coated at lOOOrpm could be formatted to 100% capacity (720kbytes) and completed 22 x 10^ 
repeat read cycles without failure. The disc coated at 500rpm could be formatted to >95% capacity and 
completed >34 x 10^ repeat read cycles without failure. 



1. A photosensitive element for the production of near infrared absorbing images having a photosensitive 
medium comprising a trial kyl orthoester. a photochemical source of a strong acid and a compound of 
the formula (I): 




1 i 

C=(C-C=)„CH2 



in which: 
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n is 0 or 1 , 

and ind pendently repr sent hydrogen or an alkyi group of up to 5 carbon atoms and 
Ari and Ar2 repres nts aryl groups b aring an electron-donating substituent in the 4-position. 

5 2. A photosensitive element as claimed in Claim 1 in which R^ and R^ are hydrogen. 

3. A photosensitive element as claimed in Claim 1 in which n Is 0. 

4. A photosensitive element as claimed in any preceding Claim in which Ari and/or Ar2 have the formula: 

10 

para-R3R*N-C6H4 
in which: 

R3 and R* independently represent alkyI groups of up to 5 carbon atoms, aryl groups or together 
16 complete a 5, 6 or 7 membered ring, or R^ and R* complete a julolidine ring system. 

5. A photosensitive element as claimed in any preceding Claim in which the compound of formula (I) is 
1 ,1 ,-bis{4-dimethylamino)phenyIethylene. 

20 6. A photosensitive element as claimed in any preceding Claim In which the trialkyi orthoester has the 
formula: 

(R0)3C-RS 

25 in which: 

each R independently represents a lower alkyI group of up to 5 carbon atoms, and 

R5 represents a hydrogen atom, a lower alkyI group of up to 5 carbon atoms or an aryl group. 

7. A photosensitive element as claimed in Claim 6 in which the trialkyi orthester is selected from triethyl 
30 orthoformate, triethyl orthoacetate and trimethyl orthobenzoate. 

a A photosensitive element as claimed in any preceding Claim in which the photochemical source of a 
strong acid is an onium salt. 

35 9, A photosensitive element as claimed in Claim 8 in which the anion is selected from PFe, AsFe. SbPg, 
BF*, C10+, CF3SO3. 

10. A photosensitive element as claimed in Claim 8 or Claim 9 in which the photochemical source of a 
strong acid is a diaryliodonium or triarylsulphonium salt. 

40 

11. A photosensitive element as claimed in any preceding Claim in which the orthoester and photochemical 
source of a strong acid are each present in amounts of from 50 to 60 mol% of the compound of 
formula (1). 

45 12. A photosensitive element as claimed in any preceding Claim in which the photosensitive medium 
comprises two or more contiguous layers. 

ia A photosensitive element as claimed in any preceding Claim in which the photosensitive medium is 
present on a magnetic disc. 

50 

14. A method of generating an image comprising a near infrared absorbing dye which comprises 
imag wise exposing a photosensitive element as defined in any preceding Claim to actinic radiation 
and optionally heating the exposed element. 
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0 Photochemical generation of dyes. 



@ A photosensitive element for the production of 
near infrared absorbing images having a photosen- 
sitive medium comprising a trialkyi orthoester, a 
photochemical source of a strong acid and a com- 
pound of the formula (I): 

I I 

C=(C-C=)„CH2 

in which: 

n is 0 or 1. 

and independently represent hydrogen or 
an alkyi group of up to 5 cart)on atoms and 

Ari and Ar2 represents aryl groups bearing an 
lectron-donating substituent in th 4-position. 
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D script ion 

This invention relates to photosensitive elements capable of generating a near infrared (NIR) absorbing dye. 

Near infrared absorbing dyes find widespread use in imaging and information storage, particularly when information 
5 is to be written or read by means of a laser diode or similar source. As well as the conventional photographic applications 
such as sensitisation, acutance and ant i halation, NIR dyes find increasing use in the conversion of radiant energy to 
thermal energy in systems such as optical data storage (by ablation of dyed polymer layers) and laser-addressed 
thermal transfer imaging. 

Tetra-arylpolymethine dyes have found use in many of these systems, as disclosed, for example, in U.S. Patent 
10 Nos. 4,547,444, 5, 1 35.842 and 4,950,639. 

DE-A-3704263 discloses tetra-arylpolymethine dyes which are prepared by reaction of an appropriate diary I pre- 
cursor with a trialkyi orthoester in the presence of a strong acid, such as methane-sulphonic acid. 

in certain systems, notably in optical data storage, it is desirable to have the dye present in a coated layer in 
accordance with a predetermined pattern. For example, in optical discs it is necessary to provide servo tracking infor- 
ms mation to enable the read/write head to find any specified location on the disc with precision. This may be achieved 
by forming the storage media as a series of narrowly spaced concentric rings. Recently, the need has arisen to provide 
similar laser-readable information as an additional layer on otherwise conventional magnetic data storage media as 
disclosed, for example, in ou rcopendingap pi icationEP-A-0598503, which discloses a method of recording information, 
such as optical servo tracking information, on a magnetic recording element, e.g., magnetic tape, disk, diskette, drum, 
20 card, data cartridge, which method comprises: 

providing the element with a photosensitive layer in which the generation or destruction of a radiation-absorbing 
dye e.g. an NIR dye, is either promoted or inhibited by exposure to actinic radiation, said layer being separate from 
or integral with any magnetic recording layer, and 
25 imagewise exposing the photosensitive/recording layer to actinic radiation to record said information. 

A potentially attractive route for forming such a predetermined pattem of NIR dye is to create the dye by photo- 
chemical reaction of its precursors In response to image-wise light exposure. Unfortunately, very few suitable systems 
are known which allow such image-wise formation of NIR dye. European Patent No. 68876 discloses photoimagable 

30 oxoinodolizlne dyes which are NIR absorbing. The dyes are formed by a thermal reaction between cyclopropenone 
derivatives and certain pyridine derivatives. Selective photolysis of the cyclopropenone prior to thermal processing 
Inhibits dye formation in light struck areas. 

The present Invention provides a photosensitive element comprising an alternative photoimagable dye class, with 
the formation of dye enabled, rather than disabled, in the light struck areas. 

35 According to the present invention there is provided a photosensitive element for the production of near Infrared 

absorbing images having a photosensitive medium comprising a trialkyi orthoester, a photochemical source of a strong 
acid having a pKa<3 and a compound of the fomnula (I): 



40 



45 



Ar 




I I 



In which: 



n is 0 or 1 , 

50 Ri and R2 independently represent hydrogen or an alkyi group of up to 5 carbon atoms and 

Ar^ and Ar2 represents aryl groups bearing an electron -releasing substituent in the 4-position, generally containing 
up to 15 skeletal atoms. 

The invention also provides a method of generating an image comprising a near infrared absorbing dye which 
55 comprises image-wise exposing a photosensitive element of th invention to actinic radiation and optionally heating 
th exposed elements to develop th image. 

The invention finds particular utility in forming optical sen/o tracking systems on optical discs and magnetic discs 
and is also useful in other systems requiring the provision of laser r adabi information e.g. bar coding, security coding 
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etc. 



Trialkyl orthoesters suitable for use in the Invention have the general formula: 



(RO)3C-r' 



in which: 



10 
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each R independently represents a lower alkyi group of up to 5 carbon atoms, preferably each R is ethyl, and 
rs represents a hydrogen atom, a lower alky I group of up to 5 carbon atoms or an aryl group. 

Exemplary trialkyl orthoesters include triethyl orthofomnate, triethylorthoacetate, trimethyl orthobenzoate etc. 

The photochemical source of a strong acid Is a compound which releases a strong acid (pKa<3, preferably <1 ) on 
exposure to actinic radiation. Such photoacid generators are well known and include photosensitive onium salts where 
the anion is PFg. AsFg, SbFg, BF4. CIO4, CFqSOq, etc., such as sulphonium salts, lodonium salts and iron onium salts. 
Preferred onium salts include diaryliodonium salts. Asensitiser may be optionally included to extend the spectral sen- 
sitivity as is well known in the art provided it does not scavenge the photoacid. Potycyclic hydrocarbons (e.g. anthracene 
derivatives) are suitable sensitisers for use with onium salts. 

In the compounds of formula (I) n is preferably 0 and when n is 1 R^ and R2 are preferably hydrogen. 

Ar^ and Ar2 are preferably: 



R3 and R^ independently represent alkyI groups of up to 5 carbon atoms, aryl groups or together complete a 5, 
6 or 7 membered ring e.g. pyrrolidine, morpholine, piperidine, or R^ and R* complete a julolidine ring system. 

Ar^ and Arg may include other electron-releasing substituents in the 4- position, e.g., alkoxy groups and alkythio 
groups in which the alkyI group generally contain up to 5 carbon atoms. 

As is well understood in this technical area, a large degree of substitution is not only tolerated, but is often advisable. 
As a means of simplifying the discussion and recitation of these groups, the terms "group" and "moiety" are used to 
differentiate between chemical species that allow for substitution or which nrray be substituted and those which do not 
or may not be so substituted. For example, the phrase "alkyI group" is intended to include not only pure hydrocarbon 
alkyI chains, such as methyl, ethyl, octyl. cyclo-hexyt. iso-octyt, tertbutyl and the like, but also alkyI chains bearing 
conventional substituents known in the art, such as hydroxyl, alkoxy, phenyl, halogen atoms (F, C1, Br and I), cyano, 
nitro, amino etc. The phrase "alkyl moiety" on the other hand is limited to the inclusion of only pure hydrocarbon alkyI 
chains, such as methyl, ethyl, propyl, cyclohexyl, iso-octyl, t-butyl and the like. 

The components of the photosensitive medium may be present in a single layer with or without binder or distributed 
between 2 or more contiguous layers. A single layer is preferred. Any of the commonly used film forming binders may 
be suitable provided there is adequate solubility in the coating solvent. The coating thickness will vary with the end 
use, but for optical servo tracking, very thin (<1^m dry thickness) coatings with a minimum of binder are preferred. The 
orthoester and acid source are nornnally each present to the extent of 50 to 60 mol% of the compound of formula (I). 

The photosensitive medium is exposed image-wise to a suitable source e.g. a UV lamp via a photographic mask. 
Exposure may be sufficient to complete the reaction and generate the NIR dye. However, a heating step, such as 
several minutes at about 70**C or above may be required to develop the innage. The compound of formula (I) reacts 
with orthoester and is believed to yield a tetra-arylpolymethine dye of the following fomnula: 




in which: 
R5 is hydrogen, lower alkyl or aryl. 
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To stabilise the image completely, orthoesters and photoacid generator may be removed by washing in dilute acid, 
although this may not be necessary in many applications. Suitable acids include acetic acid. 

The invention will now be illustrated by the following Examples in which the NIR dye generated was believed to 
have the formula: 



10 



IS 




20 where 

CgHs (Example 1) 
CH3 (Example 2) 
H (Examples 3 to 5) 

25 

Example 1 

A mixture of 1,1-bis(4-Dimethylamino)phenylethylene (Compound A) (0.5g, 1.9mmol), trimethyl orthobenzoate 
(0.1 8g, Immol) and a triarylsulphonlum salt photoinitiator commercially available from Minnesota Mining and Manu- 
re facturing Company under the trade designation FX512 (0.5g) was dissolved in methylethyl ketone (MEK) (30ml). The 
mixture was then hand coated onto polyester and dried. 

Two techniques were employed: 

a) a sample was exposed to a 4kW Parker Graphic UV light source for 100 seconds. There was an immediate 
35 formation of a near infrared absorbing dye in the exposed regions. 

b) a sample was subjected to 10 seconds exposure with a handheld laboratory UV lamp followed by heating at 
70*C for 5 minutes. The latter process of thermal cure completes fomnation of a near infrared absorbing dye in the 
exposed regions. 

40 Example 2 

A mixture of Compound A (0,5g, 1.9mmol), triethyl orthoacetate, (0.16g, Immol) andFX512 (0.5g) was dissolved 
In MEK (30ml). The mixture was handcoated onto polyester. Two exposure techniques were employed: 

45 a) a sample was exposed to a Parker Graphics 4kW U V light source for 1 00 seconds. Fomnation of a Nl R absorbing 

dye was observed in the exposed region. 

b) a sample was subjected to a 1 0 seconds exposure with a laboratory handheld UV light and then a thermal cure 
at 70'C for 5 minutes resulting In formation of a near infrared absorbing dye in the exposed region. 

so Example 3 

A mixture of Compound A (0.25g, Immol) diphenyl iodonium hexafluorophosphate (0.22g, O.Smmol) and triethyl 
orthoformate (0.08g, 0,5mmol) was dissolved in MEK (1 5ml). The mixture was hand coated onto polyester and exposed 
using the handheld laboratory UV light for 15 seconds. The spectrum of the exposed coating had no absorption at 
820nm. The sample was then heated at TO^C for 5 minutes and a near infrared absorbing dye was produced in the 
exposed region. 



4 



EP0 606 71 OBI 

Example 4 

A mixture of Compound A (0.5g. 1 .9mmol), Photoinitiator CG 24-61 . 




CG 2A-61 



commercially available from Ciba Geigy, (0.35g) and triethylorthoformate (0.1 5g. Immol) was dissolved together in 
ethanol (30ml) and hand coated onto polyester The sample was exposed for 500 seconds to the 4kW Parker Graphic 
UV lamp to give a coating which absorbed near infrared light. 

4 micron line resolution could be achieved by exposing a sample through an Ugra Plate Control Wedge. 



Example 5 



A solution comprising: 



Compound A 0.173g 

triethylorthoformate 0 . 052g 

FX-512 0.173g 

polyurethane resin (MHFU-II disclosed . 

in U.S. Patent No. 4,837,082) 0.35pg 

RJlOO (a styryl/2-propen-l-ol 

copolymer commercially available 

from Monsanto) 0.116g 



DESMODUR L75 (an aromatic isocyanate 
commercially available from 

Farbenfabriken Bayer AG) 0.284g 

cy cl ohexanone 1 0 0ml 



was spin coated onto two 8.75cm (3.5 inch) magnetic diskettes at speeds of lOOOrpm and 500rpm. The coated discs 
were each xposed to UV radiation through a suitable mask and heat treated at 95^*0 for 5 minutes to produce NIR 
dy in th xposed regions. The sample was then washed in aqueous acetic acid (10% solution), followed by water, 
to remove any un reacted photoinitiator. 

A TECHWAY 8.75cm (3.5 inches) external drive modified to provide an oscilloscop trigger signal was used to 
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determine storage capacity. 

The disc coated at 1 0OOrpm could be formatted to 100% capacity (720kbytes) and completed 22 x 1 0^ repeat read 
cycles without failure. The disc coated at 500rpm could be formatted to >95% capacity and completed >34 x 1 0^ repeat 
read cycles without failure. 



Claims 

1. A photosensitive element for the production of near infrared absorbing images having a photosensitive medium 
10 comprising a trialkyi orthoester, a photochemical source of a strong acid having a pKa<3 and a compound of the 

formula (I): 



15 



20 



:::c=(c-c=)„cH2 



in which: 

n is 0 or 1 , 

Ri and independently represent hydrogen or an alkyi group of up to 5 carbon atoms and 
26 Ar^ and Ar2 represents aryl groups bearing an electron -donating substituent in the 4-position. 

2. A photosensitive element as claimed in Claim 1 in which and R^ are hydrogen. 

3. A photosensitive element as claimed in Claim 1 in which n is 0. 

4. A photosensitive element as claimed in any preceding Claim in which Ar^ and/or Ar2 have the formula: 



30 



35 



para-R^R'^N-CgH^ 
in which: 

R3 and independently represent alky I groups of up to 5 carbon atoms, aryl groups or together complete 
a 5, 6 or 7 membered ring, or R^ and R^ complete a julolidine ring system. 

40 5. A photosensitive element as claimed in Claim 1 in which the compound of formula (1) is 1 ,1 ,-bis(4-dimethylamino) 
phenylethylene. 

6. A photosensitive element as claimed in any preceding Claim in which the trialkyi orthoester has the formula: 

-.5 



45 



in which: 

50 each R independently represents a lower alky I group of up to 5 carbon atoms, and 

R5 represents a hydrogen atom, a lower alkyI group of up to 5 carbon atoms or an aryl group. 

7. A photosensitive element as claimed in Claim 6 in which the trialkyi orthoester is selected from trtethyl orthoformate, 
triethyl orthoacetate and trimethyl orthobenzoate. 



55 



8. A photosensitive element as claimed in any preceding Claim in which th photochemical source of a strong acid 
is an onium salt. 
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9. A photosensitive element as claimed in Claim 8 in which the anion is selected from PFg. AsFg, SbFg. BF4, CIO4, 
CFaSOg. 

10. A photosensitive element as claimed in Claim 8 or Claim 9 in which the photochemical source of a strong acid is 
5 a diaryliodonium or triarylsulphonium salt. 

11 . A photosensitive element as claimed in any preceding Claim in which the orthoester and photochemical source of 
a strong acid are each present in amounts of from 50 to 60 mol % of the compound of formula (I). 

10 12. A photosensitive element as claimed in any preceding Claim in which the photosensitive medium comprises two 
or more contiguous layers. 

13. A method of generating an image comprising a near infrared absorbing dye which comprises imagewise exposing 
a photosensitive element as defined in any preceding Claim to actinic radiation and optionally heating the exposed 
IS element. 



Patentanspruche 

20 1 . Lichtempfindliches Element fur die Herstellung von im nahen Infrarot absorbierenden Bildem mit einem lichtemp- 
findlichen Medium, umfassend einen Trialkylorthoester, eine photochemische Quelle einer starken Saure mit einem 
pKa < 3 und eine Verbindung der Formel (I): 



2$ 



30 



55 



Ar,^^ 1 I 

::::c=(c-c=)„cH2 



in der 

35 n 0 Oder 1 ist, 

Ri und R2 unabhangig voneinander ein Wasserstoffatom Oder einen Alkylrest mit bis zu 5 Kohlenstoffatomen 
bedeuten und 

Ar^ und Ar2 Arylreste, die einen elektronenabgebenden Substituenten in der 4-Position tragen, bedeuten. 
40 2. Lichtempfindliches Element gemaQ Anspruch 1 , wobei und R^ Wasserstoffatome sind. 

3. Lichtempfindliches Element gennaB Anspruch 1 , wobei n 0 ist. 

4. Lichtempfindliches Element gema6 einem der vorstehenden Anspruche, wobei Ar^ und/oder Ar2 die Formel: 

45 

para-R^R'*N-CgH4 

aufweisen, in der 

so r3 und R4 unabhangig voneinander Alkylreste mit bis zu 5 Kohlenstoffatomen oder Arylreste bedeuten Oder 

zusammen einen 5-, 6- Oder 7-gliedrigen Ring bilden oder R^ und ein Julolidinringsystem bilden. 

5. Lichtempfindliches Element gennaB Anspruch 1, wobei die Verbindung der Formel (I) 1.1-Bis{4-dimethylamino) 
phenylethylen ist. 



6. Lichtempfindliches Element gemaB einem der vorstehenden Anspruch , in welchem der Trialkylorthoester di 
Formel: 
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(RO)3C-r' 



aufweist, in der 



jedes R unabhangig voneinander einen Niederalkylrest mit bis zu 5 Kohlenstoffatomen bedeutet, und 

R5 ein Wasserstoffatom, einen Niederalkylrest mit bis zu 5 Kohlenstoffatomen oder einen Arylrest bedeutet. 

7. Lichtempfindliches Element gema3 Anspruch 6, wobei der Trialkylorthoester ausgewahit tst aus Triethylorthofor- 
10 miat, Triethytorthoacetat und Trimethylorthobenzoat. 

8. Lichtempfindliches Element gema3 einem der vorstehenden Anspruche, wobei die photochemlsche Quelle einer 
starken Saure ein Oniumsalz ist. 

15 9. Lichtempfindliches Element gemaO Anspruch 8. wobei das Anion ausgewahit ist aus PFg, AsFg, SbF6-BF4, CIO4, 
CF3SO3. 

10. Lichtempfindliches Element gema3 Anspruch 8 oder Anspruch 9, wobei die photochemlsche Quelle einer starken 
Saure ein Diaryliodonium- oder Triarylsu If oniumsalz ist. 

20 

1 1 . Lichtempfindliches Element gema3 einem der vorstehenden Anspruche, wobei der Orthoester und die photoche- 
mlsche Quelle einer starken Saure jeweils in Mengen von 50 bis 60 Mol% der Verbindung der Forme! (I) vorhanden 
sind. 

25 1 2. Lichtempfindliches Element gemaQ einem der vorstehenden Anspruche, wobei das lichtempfindliche Medium zwel 
Oder mehr zusammenhangende Schichten umfa3t. 

13. Verfahren zum Erzeugen eines Bildes, umfassend einen im nahen Infrarot absorbierenden Farbstoff, welches das 
bildartige Belichten eines wie In einem der vorstehenden Anspruche definierten lichtempfindlichen Elements mit 
30 aktinischer Strahlung und gegebenenfalls das Enwarmen des belichteten Elements umfaRt. 

Revendlcations 

35 1. Element photosensible pour la production d'images absorbant les infrarouges proches, comportant un support 
photosensible comprenant un trialkylorthoester, une source photochimique d'un acide fort ayant un pKa inf^rieur 
ci 3 et un compose de formule (I) : 



40 



45 



^::c=(c-c=)„CHj 

^^2 



dans laquelle : 

n est 6ga\ ^ 0 ou 1 , 

so Ri et R2 repr6sentent inddpendamment un atome d*hydrog6ne ou un groupe alkyle comportant jusqu'^ 5 

atomes de carbon e, et 

Ar^ et Ar2 repr^sentent des groupes aryle comportant un substituant ^lectrodonneur en position 4. 



55 



2. Element photosensible salon la revendication 1 , dans lequel R^ et R^ sont des atomes d'hydrog^ne. 

3. Element photosensible s Ion la revendication 1 , dans lequel n est 6ga\ k 0. 

4. Element photosensible selon t'une quelconque des revendlcations pr^c§dentes, dans lequel Ar^ et/ou Ar2 corres- 
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pondent h la tormute : 



para-R^R'^N-CgR4- 



10 



dans laquelle : 

R3 et R4 repr6sentent ind6pendamment des groupes alkyle comportant jusqu'^ 5 atomes de carbone, des 
groupes aryle ou ils completent ensemble un cycle ^ 5, 6 ou 7 chainons, ou R^ et R** compl^tent un syst6me 
cycllque julolidine. 

5. Element photosensible selon la revendication 1, dans lequel le compose de formule (I) est le 1,1-bis(4-dim6thy- 
lamino)phenyl-ethyl6ne. 

6. Element photosensible selon Tune quelconque des revendications pr6c§dentes, dans lequel le trial kytorthoester 
is correspond ^ la formule : 

(R03)C-R^ 

20 dans laquelle : 

chaque groupe R repr^sente ind^pendamment un groupe alkyle inf6rieur comportant jusqu'^ 5 atomes de 
carbone. et 

RS repr^sente un atome d'hydrogfene, un groupe alkyle Inf6rieur comportant jusqu'^ 5 atomes de carbone ou 
25 un groupe aryte. 

7. Element photosensible selon la revendication 6. dans lequel le trialkylorthoester est choisi parmi I'orthoformate 
de tri6thy!e, I'orthoac^tate de tri^thyle et I'orthobenzoate de trim^thyle. 

30 8. Element photosensible selon I'une quelconque des revendications pr6c6dentes. dans lequel la source photochi- 
mique d'un acide fort est un sel de type onium. 

9. Element photosensible seton la revendication 8. dans lequel I'anion est choisi parmi PFq, AsF^, SbFg, BF4, CIO4, 
CF3SO3. 

35 

10. Element photosensible selon la revendication 8 ou 9, dans lequel la source photochtmlque d'un acide fort est un 
sel de diaryliodonium ou de triarytsulfonium. 

1 1 . Element photosensible selon I'une quelconque des revendicatbns pr6c6dentes, dans lequel I'orthoester et la sour- 
40 ce photochimique d'un acide fort, sont respectivement presents selon une quantity de 50 ^ 60 moles % du compos6 

de formule (I). 

12. Element photosensible selon I'une quelconque des revendications pr§c6dentes, dans lequel le substrat photosen- 
sible comprend au nrtoins deux couches contigues. 



45 



50 



55 



13. Proc6d6 de g6n6ration d'une image comprenant un colorant absorbant les infrarouges proches, selon lequel on 
expose k un rayonnement actinlque sous forme d'image un 6l6ment photosensible tel que d6finl dans I'une quel- 
conque des revendications pr6c6dentes, et on chauffe ^ventuellement I'^ldment exposd. 
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Description 

Field of the Invention 

This invention relates generally to information stor- s 
age media having magnetic data tracks and optical ser- 
vo tracks, and more particularly, the present invention 
relates to an apparatus for etching the optical servo 
tracks onto the magnetic medium and for verifying the 
etching of the optical servo tracks. It also relates to a 
method for verifying the etching. 

Background of the Invention 

So-called "floppy" disk memory systems for "desk 
top" sized computers are well known In the art. Such 
systems employ magnetic storage disks having a diam- 
eter of either 5.25 inches or 3.50 Inches, Conventional 
magnetic storage disks for floppy disk drives have a 
track density ranging from forty-eight (48) to one hun- 
dred thirty-five (1 35) tracks per inch (TPI) (I.e., 1 ,9 to 5,3 
tracks/mm). In contrast, optical storage disks for optical 
memory systems achieve track densities greater than 
15,000 TPI (590 tracks/mm). The greater track density 
of optical disks is achieved by the use of optical servos 
that rinaihtain fine' positioning of the optical' read\write 
head over the data tracks on the disk. Typically, concen- 
tric optical servo tracks are pre-recorded on the optical 
disk to guide the serwo mechanism. 

New advances in barium-ferrite magnetic media 
have allowed bit densities of magnetic storage disks to 
exceed the bit densities of optical disks. However, as 
mentioned above, track densities of magnetic media (48 
- 1 35 TPI) are many times less than their optical coun- 
terparts. This limits the overall capacity of magnetic 
disks as compared to optical disks. Conventional mag- 
netic disk systems employ a magnetic servo mechanism 
and magnetically pre-recorded servo tracks on the disks 
to guide the read\write head. Magnetic servo systems . 
cannot provide the fine positioning that optical servo 
systems can provide. 

Recently, floppy disk systems have been developed 
that combine magnetic disk recording techniques with 
the high track capacity optical servos found in optical 
disk systems. Such a system is described in AN INTRO- 
DUCTION TO THE INSITE 325 FLOPTICAL(R) DISK 
DRIVE, Godwin, in a paper presented at the SPIE Op- 
tical Data Storage Topical Meeting (1989). Essentially, 
an optical servo pattern is pre-recorded on a magnetic 
floppy disk. The optical sen^o pattern typically consists 
of a large number of equally spaced concentric tracks 
about the rotational axis of the disk. Data is stored in the 
magnetic "tracks" between the optical servo tracks us- 
ing conventional magnetic recording techniques. An op- 
tical servo m chanism is provided to guide th magnetic 
r adVwrite head accurately over the data between the 
optical servo tracks. By utilizing optical servo tech- 
niques, much higher track densities ar achi vable on 



the relatively inexpensive removable magnetic medium. 

As mentioned, the optical servo pattern typically 
consists of a large number of equally spaced concentric 
tracks about the rotational axis of the disk. As disclosed 
in U. S. Patent No. 4,961 , 1 23. each track may be a sin gle 
continuous groove (Fig. 3), a plurality of equally spaced 
circular pits (Fig. 8), or a plurality of short equally spaced 
grooves or stitches (Fig. 9). Various methods and sys- 
tems exist for inscribing the optical servo tracks on the 
magnetic medium. 

For example. U.S. Patent No. 5.067,039, entitled 
"High Track Density Magnetic Media with Pitted Optical 
Servo Tracks and Method for Stamping the Tracks on 
the Media," discloses a method tor "stamping" the servo 
tracks on the magnetic medium. Essentially a master 
stamping disk is produced bearing a template of the op- 
tical servo pattern. This master disk Is then pressed 
against the magnetic floppy disk under a pressure of 
several tons per square inch. The significant amount of 
pressure transfers the servo track pattern from the mas- 
ter disk to the floppy. 

U.S. Patent No. 4,633,451, entitled "Optical Servo 
for Magnetic Disks," discloses a method of providing op- 
tical servo information on a magnetic medium consisting 
of a multi-layer film. The optical servo tracks are formed 
on the multi-layer film by laser heating the structure to 
cause a reaction or interdlffusion to occur between lay- 
ers. The reaction produces a reflectivity contrast of 
about eight percent (8%) between exposed and unex- 
posed areas. Other methods for preparing the servo 
tracks are mentioned including contact printing, em- 
bossing, and lithography. 

U.S. Patent No. 4,961 .1 23, entitled "Magnetic Infor- 
mation Media Storage with Optical Servo Tracks," dis- 
closes a preferable method and apparatus for etching 
the pattern on a disk using a focused beam of light. The 
magnetic disk is placed on a platen/spindle assembly 
and rotated. A beam of tight is focused to a small spot 
on the spinning disk. The focussed beam has sufficient 
intensity to ablate the disk surface at the point of inci- 
dence, thereby reducing the reflectivity of the surface at 
that point. The beam can be left on during an entire rev- 
olution to produce a continuous groove or can be mod- 
ulated on and off through one revolution to produce a 
stitched pattem. This method has several advantages. 
First, the intensity of the focussed beam of tight can be 
adjusted for different types of magnetic media. Second- 
ly, different stitched patterns can be etched simply by 
varying the on-off time of the beam or by varying the 
speed of rotation of the disk. Additionally, there is no 
need to produce a master disk, as with the stamping 
method. 

As mentioned above, the optical servo pattern often 
comprises a number of equally spaced concentric opti- 
cal servo tracks about the rotational axis of the disk. A 
single disk may have as many as 900 concentric servo 
tracks. Additionally, each optical servo track may be a 
continuous groove, or alternatively, may comprise a plu- 
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rality of equally spaced stitches. When a stitched pattern 
is employed, the nunrtber of stitches in each optical servo 
track may exceed 1600 with each track having the same 
number of stitches. It is crucial for proper servo position- 
ing that every stitch be sufficiently detectable by the ser- 
vo optics. As mentioned, a preferred method of produc- 
ing a stitched pattern is by focusing a beam of light on 
a rotating disk and modulating the beam on and off. The 
beam, when incident upon the surface of the disk and 
properly focused, has sufficient intensity to etch the sur- 
face thereby creating a stitch having reduced reflectivity 

It is possible, for a number of reasons, that one or 
more stitches are not properly etched For example, the 
optics of the etching apparatus may become mis- 
aligned, dust particles may interfere with the incident 
beam of light, or the incident beam may not be property 
focused upon the medium. It is critical for proper servo 
positioning that every stitch in each optical servo track 
be properly etched; one missing etch will ruin the entire 
disk. Thus, there exists a need for an apparatus and 
method for etching the surface of a magnetic medium 
and for verifying that proper etching occurred. The 
present invention satisfies this need. 

Additionally, the width of the etched stitches Is on 
the order of microns and must be maintained within tight 
tolerances. Stitch width can 6e affected by irnprbpe'rfo-" 
cussing of the incident beam. Thus, there also exists a 
need for an apparatus and method for imaging the 
etched spot on the surface of the medium and determin- 
ing the size of the etched spot from the image in order 
to ascertain whether focus adjustment is necessary. The 
present invention satisfies this need as well. 

Summary ot the Invention 

The present invention comprises an apparatus for 
etching a point on the surface of a magnetic medium to 
reduce the reflectivity of that point and for verifying that 
etching occurred. The apparatus comprises a light 
source for providing a collinoated incident beam of light. 
A first lens situated in the path of the transmitted incident 
beam focuses the incident beam to a point on the sur- 
face of the magnetic medium. The focused incident 
beam reacts with the magnetic medium to reduce the 
reflectivity of the surface at that point. A portion of the 
focused Incident beam is reflected, and the first lens col- 
llmates the reflected beam and directs the reflected 
beam back toward the light source. The apparatus fur- 
ther comprises means for separating the reflected beam 
from the incident beam and for deflecting the reflected 
beam. Detector means situated in the path of the de- 
flected reflected beam measure the intensity of the re- 
flected beam and compare the measured intensity to a 
threshold value. Proper etching is verified if the intensity 
of the reflected beam is not less than the threshold val- 
ue. 

According to a preferred embodiment of the present 
invention, the detector means comprises a second lens 



situated in the path of the deflected reflected beam. An 
opaque screen is positioned substantially in the focal 
plane of the second lens. The screen has a pin hole sub- 
stantially at the focal point of the second tens and oper- 

5 ates to block out un-focused rays of light emanating from 
the second lens. A photodetector is positioned on the 
side of the screen opposite the second lens and proxi- 
mate the pin hole for producing a signal having a mag- 
nitude proportional to the intensity of the deflected re- 

10 fleeted beam passing through the pin hole. In the pre- 
ferred embodiment, the apparatus further comprises 
means for adjustably attenuating the reflected beam for 
protecting the photodetector from damage due to the in- 
tensity of the reflected beam during etching and for al- 

15 lowing the same photodetector to be used with various 
incident beam and reflected beam intensities. 

Additionally, according to the preferred embodiment 
of the present invention, the means for separating and 
for deflecting the reflected beam comprises a polarizer 

20 positioned in the path of the incident beam between the 
light source and the first lens for linearly polarizing the 
incident beam in a first polarizing direction. A.beam sep- 
" arator is positbned in the path of the incident beam be- 
tween the polarizer and the first lens having means for 

25 transmitting light linearly polarized in the first polarizing 
"direction and' fbV deflect light linearly polarized in a 
direction orthogonal to the first polarizing direction. Ac- 
cordingly, the beam separator transmits the incident 
beam. Means positioned between the first lens and the 

30 beam separator alter the polarization of the reflected 
beam relative to the incident beam such that the reflect- 
ed beam is linearly polarized In a direction orthogonal 
to the direction of polarization of the incident beam 
thereby causing the beam separator to deflect the re- 

35 fleeted beam. 

Preferably, the magnetic medium is positioned in 
the focal plane of the first tens. Additionally, the thresh- 
old value is adjustable for different types of magnetic 
. media, ^ 

40 In the preferred embodiment of the present inven- 
tion, the magnetic medium is a disc having a rotational 
axis and having concentric magnetic data tracks about 
the rotational axis. According to this preferred embodi- 
ment, the apparatus further comprises means for rotat- 
es ing the disc.about its rotational axis, and means for mod- 
ulating the light source on and off for consecutively etch- 
ing a plurality of equally spaced stitches about the rota- 
tional axis of the medium. The means for rotating the 
disk comprises a spindle/platen assembly. The plurality 

50 of stitches define an optical sen^o track. The detector 
means is employed to verify each consecutively etched 
stitch in the track. The apparatus further comprises 
means for positioning the incident beam radially of the 
disc for etching each of a plurality of concentric optical 

55 servo tracks about the rotational axis of th disc. 

According to another feature of the pres nt inven- 
tion, each optical servo track has a pre-determined 
stitch count and the apparatus further comprises a coun- 
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ter and means for incrementing the counter each time 
a stitch is verified. Means are also provided for compar- 
ing the contents of the counter to the pre-determined 
stitch count. Proper etching of each optical servo track 
is verified when the contents of the counter equal the 
pre-determined stitch count for that track. 

Accprding to yet another feature of the present in- 
vention, the apparatus further comprises imaging 
means positioned in the path of the deflected reflected 
beam for generating from the reflected beam an image 
of the etched point on the surface of the medium. Means 
for processing the generated image to determine the 
size of the etched point are provided along with means 
for adjusting the focus of the first lens if the size of the 
etched point exceeds a pre-determined tolerance. 

According to still another aspect of the present in- 
vention, the incident beam is aligned to the center of 
rotation of the spindle prior to etching the servo tracks. 

The invention also comprises a method for verifying 
the etching. 

Other features of the present invention will become 
evident from the following drawings and specification. 

Brief Description of the Drawings 

TKe foregoing sumrhary,'a^^ 
tailed description of the preferred embodiment, Is better 
understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, 
there is shown in the drawings, an embodiment that Is 
preferred, it being understood, however, that the inven- 
tion Is not limited to the specific methods and instrumen- 
talities disclosed. In the drawings: 

Figure 1 is a top view of a portion of a magnetic disk 
having concentric optical servo tracks each com- 
prised of a plurality of equally spaced etched stitch- 
es; 

Figure 2 is a block diagranri of an apparatus for etch- . 
ing optical servo information on a magnetic medi- 
um, for verifying said etching, and for Imaging the 
etched spot on the surface of the medium in accord- 
ance with the present invention; 
Figure 3 Is a top view of a centration device for align- 
ing an incident beam; 

Figure ,4 is a cross-sectional view of the^centration 
device of Figure 3 taken along line 4-4 of. Figure 3;. 
Figure 5 is a block diagram of the apparatus of Fig- 
ure 2 showing modifications to the apparatus for 
aligriirig the Incident beam; and 
Figures 6-8 graphically illustrate the signal output 
of the oscilloscope of Figure 5 during a beam align- 
ment sequence. 

Detailed Description of the Pr ferred Embodlm nt ss 

Referring to the drawings in detail, wherein like nu- 
merals indicate like elements throughout, there is shown 



in Figure 1 a top view of a portion of a magnetic disk 10 
having concentric optical servo tracks 12, 14 about the 
rotational axis 1 6 of the disk 1 0. Each servo track 1 2, 
14 is comprised of a plurality of equally spaced etched 
stitches 18. Concentric magnetic data tracks 20 lie be- 
tween each adjacent pair of servo tracks 1 2, 1 4 for mag- 
netically recording data on the disk 10. In the preferred 
embodiment, each disk has 900 concentric servo tracks 
and each servo track comprises 1666 equally spaced 
etched stitches. Each stitch is approximately 4.8 mi- 
crons wide and the spacing between adjacent stitches 
in a same track is 20.4 microns. Since the inner radius 
of the disk is smaller than the outer radius, the length of 
the stitches in a given servo track increases from the 
Inner to outer radius of the disk in order to maintain the 
same number of stitches In each track. 

Referring to Figure 2, there is shown a preferred 
embodiment of an apparatus 39 for etching a point on 
the surface of a magnetic medium to reduce the reflec- 
tivity of the point and for verifying that proper etching of 
the point occurred. More particularly, the apparatus 39 
is for etching a plurality of concentric optical servo tracks 
about the rotational axis of a magnetic storage disc, 
such as is shown in Figure 1 , wherein each track com- 
prises a plurality of equally spaced etched stitches, and 
for verifying fhe stitch count of each track, 

. As shown in Figure 2, the apparatus 39 comprises 
a . light source 40 for providing a collimated incident 
beam of light 42. A polarizer 46 is positioned in the path 
of the incident beam for linearly polarizing the Incident 
beam of light in a first polarizing direction. The direction 
of linear polarization, i.e., the first polarizing direction, is 
not critical. In the preferred embodiment, the light source 
46 is a laser tuned to a wavelength suitable for etching 
trie surface of the magnetic medium. Thus, the incident 
6§am is highly collimated and nnonochromatic. Different 
wavelengths may be used with magnetic media having 
different characteristics. In the preferred embodiment, 
the polarizer46 for linearly polarizing the incident beam . 
comprises two brewster windows in the laser tube. 

The apparatus 39 also comprises means for mod- 
ulating the light source 40 on and off for consecutively 
etching the plurality of equally spaced stitches in each 
optical servo track. In the preferred embodiment, the 
means for modulating the light source on and off is an 
acousto-optical device 44. Acousto-optic modulators 
are described In Wilson & Hawkes, OPTOELECTRON- 
ICS: AN INTRODUCTION, pp. Ill to 116 (Prentice/Hall 
1983). Although an acousto-optical device is employed 
in the preferred embodiment, any other suitable means 
for modulating the light source on and off may be em- 
ployed, such as for example, a shutter mechanism (not 
shown) or beam deflector (not shown). Alternatively, the 
power Input to the light source itself could be modulated 
on and off to produc a corresponding modulation of the 
incident beam. 

Miror 50 directs the linearly polarized incident 
beam through a beam separator 52. Beam separator 52 
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of the present invention has means for transmitting light 
linearly polarized in the first polarizing direction (as is 
the incident beam) and for deflecting light linearly polar- 
ized in a direction orthogonal to the first polarizing direc- 
tion. In the preferred embodiment, the means for trans- 
mitting light linearly polarized in the first polarizing direc- 
tion and for deflecting light polarized orthogonal thereto 
is a multilayer dielectric thin film laser line coating 53 
positioned along the hypotenuse of the beam separator 
52; ' ' - ...... 

The beam separator 52 transmits the linearly polar- 
ized incident beam and mirrors 51 , 55 direct the trans- 
mitted incident beam to a first lens 54. The first lens 54 
focuses the incident beam to a point 57 on a magnetic 
storage disk 61 to be etched. A platen/spindle assembly 
59 rotates the disk 61 about its rotational axis. The spin- 
dle 59 has a center pin 78 at the center of rotation of the 
spindle 59. The disk 61 has a center hub (not shown) 
which has a center hole (not shown). The disk 61 is 
placed on the spindle 59 with the center pin 78 through 
the center hole (not shown) of the disk hub (not shown). 
The first lens 54 is positioned such that the rotating disc 
lies substantially in the focal plane of the first" lens 54. 
The focused incident beam reacts with the rotating mag- 
netic medium 61 at the point 57 to create a stitch (not 
shown) on the medium' 61 having reducW reflectivity. A " 
portion of the focused incident beam is reflected. Since 
the incident beam is focused to a fine point on the mag- 
netic medium, the reflected light effectively emanates 
from a point source. As described above, the rotating 
disk 61 lies in the focal plane of the lens 54, and there- 
fore this point source of reflected light lies at the focal 
point of the first lens 54. Consequently, the lens 54 op- 
erates to collimate the reflected light and direct a reflect- 
ed beam back toward the beam separator 52 via the mir- 
rors 51 , 55. 

The apparatus 39 further comprises means for al- 
tering the polarization of the reflected beam relative to 
the incident beam prior to. the reflected beam passing, 
back through the beam separator 52 such that the re- 
flected beam Is linearly polarized in a direction orthog- 
onal to the first polarizing direction of the incident beam. 
In the preferred embodiment, the means for altering the 
polarization of the reflected beam relative to the incident 
beam is a quarter-wave plate 56. Essentially, as the lin- 
early polarized incident beam (polarized in the first po- 
larizing direction) first passes from the mirror 50 through 
the beam separator 52 and then through the quarter- 
wave plate 56, the quarter-wave plate 56 transforms the 
incident beam from linear polarization In the first polar- 
izing direction to circular polarization. Thus, when the 
incident beam strikes the magnetic medium 61 at the 
point 57, it is circulariy polarized. Consequently, the re- . 
fleeted beam that is directed by the first lens 54 back 
toward the quarter-wave plate 56 and beiam separator 
52 is similarly circularly polarized. As the circularly po- 
larized reflected beam passes back through th quarler- 
wav plate 56, the quarter-wave plate 56 transforms the 



circularly polarized reflected beam to linear polarization. 
However, the transformed reflected beam will be linearly 
polarized in a direction orthogonal to the first polarizing 
direction of the incident beam. Consequently, as men- 
s tioned above, the thin film laser line coating 53 along the 
hypotenuse of the beam separator 52 will deflect the re- 
flected beam (the deflected reflected beam is indicated 
generally at 67). 

The polarizer 46, beam separator 52 and quarter 
10 wave-plate 56 collectively comprise means for separat- 
ing the reflected beam from the incident beam and for 
deflecting the reflected beam. It is understood by those 
skilled in the art that means other than those disclosed 
herein may be employed to separate and deflect the re- 
's fleeted beam. As used in the claims, the phrase "means 
for separating the reflected beam from the incident 
beam and for deflecting the reflected beam" is intended 
to encompass all such possibilities. 

Referring still to Figure 2, the apparatus 39 further 
20 comprises detector means 60 situated in the path of the 
deflected reflected beam for measuring the intensity of 
the reflected beam, and for comparing the measured in- 
. tensity 'to a threshold value. Verification of proper etch- 
' ing is established if the measured intensity of the ref lect- 
25 ed beam is not less than the threshold value. As those 

.... . . ' i«j 

skilled in the art know, many different compositions may 
be used for magnetic storage media. Different types of 
_ magnetic media may be more or less susceptible to 
etching at a given incident beam intensity than others. 

30 Accordingly, in the preferred embodiment, the threshold 
value is adjustable for different types of magnetic media. 

In the preferred embodiment, the detector means 
60 comprises a second tens 62. an opaque screen 64 
; and a photodetector 66, all situated in the path of the 

35 ^ deflected reflected beam. The screen 64 is positioned 
substantially in the focal plane of the second lens 62 and 
has a pin hole 69 located at the focal point of the second 
lens 62. The photodetector is positioned on the side of 

. _ the screen 64 opposite the lens 62. The lens 62 focuses 

40 the deflected reflected beam onto the photodetector 66 
which produces a signal having a magnitude proportion- 
al to the intensity of the reflected beam. For a single 
etch, the signal produced by the photodetector 66 is in 
the form of an electronic pulse. The opaque screen 64 

^ blocks out any unfocused rays of light. 

The apparatus 39 further comprises means for ad- 
justably attenuating the reflected beam for protecting 
the photodetector 66 from damage due to the intensity 
of the reflected beam during etching and for allowing the 

50 same photodetector 66 to be used with vartous incident 
beam and reflected beam intensities. In the preferred 
embodiment, the means for attenuating the reflected 
beam is a standard optical beam attenuator 68 situated 
in the path of the deflected reflected beam between the 

55 beam separator 52 and the second lens 62. The degre 
of attenuatbn may be automatically adjusted by a com- 
puter 74 coupled to the attenuator 68. 

The photodetector 66 is coupled to puis condition- 
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ing and threshold circuitry 70 for comparing the nnagni- 
tude of the pulse to the threshold value. The threshold 
circuitry 70 provides an indication of- verification when 
the pulse amplitude exceeds the threshold. As those 
skilled in the art will appreciate, pulse conditioning and 
threshold circuitry 70 of the type employed herein are 
well known to those skilled in the art and may be imple- 
mented in many ways. Without deviating from the spirit 
and scope of the present invention, the threshold circuit- 
ry 70 of the present invention is not limited to any one 
Implementation. 

Although the apparatus 39 and method described 
herein may be employed to verify any etched pattern, 
the apparatus 39 is preferably employed to etch and ver- 
ify an optical servo pattern such as that shown in Figure 
1 . As described above, the servo pattern shown in Fig- 
ure 1 comprises a plurality of equally spaced concentric 
optical servo tracks about the rotational axis of the disk. 
In the preferred embodiment, each disk has 900 con- 
centric servo tracks and each servo track comprises 
1666 equally spaced etched stitches. Referring to Fig- 
ure 2, the apparatus 39 furtner comprises means 
(shown generally at 71) for moving the' incident beam 
radially of the disc tor etching each of the plurality of 
' concentric tracks. Thus^, the' beam is moyed radially of 
the disk during the etching process as indicated by the 
arrows in Figure 2. A preferred method of moving the 
beam radially of the disk is disclosed in EP-A-0 645 044 
entitled "Steering Laser Beam While Etching Optical 
Servo Tracks for Magnetic Disks." 

As mentioned previously, in addition to verifying that 
a single etch occurred, the apparatus 39 may be em- 
ployed to verify the stitch count of each optical servo 
track. To this end, the apparatus 39 further comprises a 
counter 72 coupled to the threshold electronics 70 for 
Incrementing the counter 72 each time a stitch Is verified 
(I.e., when the measured Intensity of the reflected beam 
for that stitch exceeds the threshold value). In the pre- 
. _ (erred, ernbodinnent, a computer. 74 is qoupledjo. the. 
counter 72 for comparing the contents of the counter 72 
to an expected, pre-determined stitch count after each 
track Is etched. The counter 72 is reset to zero before 
etching each track. 

Alternatively, rather than verifying the stitch count 
of each track, the apparatus 39 may be employed to ver- 
ify the total stitch count for the entire disk. For this op- 
eration, the counter 72 would only be reset prior to etch- 
ing the first track of each disk. 

In use, the light source 40 provides a collimated In- 
cident beam of light that passes through modulator 44 
which modulates the Incident beam on an off at a rate 
sufficient to achieve the desired stitch count as the mag- 
netic disk 61 rotates on the platen/spindle assembly 59. 
The incident beam is linearly polarized in the first polar- 
izing direction. Th linearly polarized b amth n passes 
through the beam separator 52 and through the quarter 
wave plate 56, the latter transforming the linearly polar- 
ized incident beam to circular polarization. The circularly 



polarized incident beam is then focused to a point 57 on 
the rotating magnetic medium 61 by the first lens 54. As 
the beam modulates on and off, it reacts with the mag- 
netic medium 61 as the medium 61 rotates past the point 

5 of incidence 57 of the beam thereby creating consecu- 
tive stitches having reduced reflectivity. The first lens 54 
and mirror 55 are moved radially over the surface of the 
rotating medium 61 for etching each of the 900 concen- 
tric optical servo tracks. 

10 " As each stitch is etched, a portion of the incident 
beam is reflected by the magnetic medium. As previous- 
ly described, the reflected light is collimated by the first 
lens 54 and directed back toward the quarter-wave plate 
56, The reflected beam is circulariy polarized prior to 

IS passing through the plate 56. As the reflected beam 
passes through the plate 56, the plate 56 transforms the 
beam from circular polarization to linear polarization. 
The direction of linear polarization of the reflected beam, 
however, will be orthogonal to the first polarizing direc- 

20 tion of the incident beam. Consequently, the reflected 
beam is deflected as It passes through the beam sepa- 
rator 52 by the thin film laser line coating 53. The de- 
flected reflected beanrt 67 is directed to the second lens 
62 where it is focused through the pin-hole 69 In the 

25 opaque screen '64 and onto the photodetecto'r 66! Es- 

* isentialty, first lens 54 and second lens 62 operate to Im- 
age the etched point 57 onto the photodetector 66. As 
each stitch is etched, the photodetector 66 produces a 
"pulse having an amplitude proportional to the intensity 

50 of the reflected beam for that stitch. The amplitude of 
'.the pulse Is then compared to a threshold. The threshold 
is established such that if the amplitude of the pulse (i. 
' e., the intensity of the reflected beam) equals or exceeds 
!th'e threshold, then the incident beam had sufficient In- 

55 tensity to properly etch the stitch. Thus, in this manner, 
the apparatus 39 verifies the etching of each stitch. The 
counter 72 maintains a count of each putse that satisfies 
the threshold. Each time the disk rotates through one 
. . ; revolution, the counter 72 is examined to ensure that the 

40 number of verified stitches equals the expected stitch 
count for the track. Thus, the present Invention is direct- 
ed to an apparatus and method for etching the surface 
of a magnetic medium and for verifying that etching oc- 
curred. 

. 45 In accordance with another feature of the present 
Invention, the apparatus 39 further comprises imaging 
means positioned in the path of the deflected reflected 
beam for generating from the reflected beam an image 
of the etched point 57 on the surface of the medium 61 . 

so In the preferred embodiment, the Imaging means com- 
prises a CCD camera 76 having a long focal length lens 
such that the Image of the etched point occupies a large 
portion of the camera's field-of-vlew. A standard beam, 
splitter 70 Is provided for splitting the deflected reflected 

55 beam so that both verification and imaging can be per- 
formed simultaneously. Although the preferred embod- 
iment employs a CCD camera 76. any suitable imaging 
device may be employed. 
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The camera 76 is coupled to the computer 74 which 
provides means for processing the generated image to 
determine the size of the etched point. The computer 74 
may also provide means tor processing the generated 
image to examine the energy profile of the focussed 
spot- The means for processing the generated image 
may comprise a standard frame-grabber add-in card 
(not shown) and associated image processing software 
(not shown); however, any suitable processing means 
may be employed without deviating from the spirit and 
scope of the present invention. 

Recall from the background section that the width 
of the etched stitches is on the order of microns and 
must be maintained within tight tolerances. Often the 
culprit of excessive stitch width is an improperly focused 
incident beam. Accordingly, the apparatus 39 further 
comprises means (not shown) for adjusting the focus of 
the first lens 54 if the size of the etched point, as deter- 
mined by the computer 74, exceeds a pre-determined 
tolerance. The means for adjusting the focus of the first 
lens 54 may comprise a manual focusing mechanism 
(not shown) that an operator would adjust in response 
to an indication from the computer 74 that the size of the 
etched point 57 is too large. Alternatively, the computer 
74 and accompanying hardware (not shown) may pro- 
Vide automatic adjustment of the focus of the first lens 
54. 

In accordance with yet another aspect of the 
present invention, the Incident beam is aligned to the 
center of rotation of the spindle 59 prior to etching the 
servo tracks. Alignment is necessary to ensure accu- 
rately known radii of the servo tracks and to maintain 
accurate angular positioning of the stitches relative to a 
fixed angular index from the outer track to inner track. 

Figure 3 is a top view of a centration device 80 used 
to facilitate alignment of the incident beam with the cent- 
er of rotation of the spindle 59. The centration device 80 
comprises a base portion 81 and a finely ruled surface 
82 secured to the top of the device 80. The finely ruled 
surface 82 may be a diffraction grating, a Ronchi ruling, 
or any other surface with closely spaced maricings (i.e., 
less than 10 microns) that exibit spatially repeating dif- 
ferences in optical contrast. In the preferred embodi- 
ment, the surface 82 has 3000 lines per inch scribed on 
it. 

Figure 4 is a cross-sectional view of the centration 
device 80 taken along line 4-4 of Figure 3. As shown, 
the device 80 further comprises a center hole 84 which 
engages with the center pin 78 of the spindle 59 for 
mounting the finely ruled surface 82 on the spindle 59 
proximate the center of rotation. The ruled surface 82 is 
placed and secured in a milted portbn 86 of the base 
81 . An alignment hole (not shown) may also be provided 
in the base 81 for engaging with an alignment pin (not 
shown) on the spindle. The alignment pin and corre- 
sponding alignment hole would operate to lock th de- 
vice 80 in a fixed position during rotation so that the sur- 
face 82 does not move relative to the spindle 59. 



Referring now to Figure 5, modifications to appara- 
tus 39 are shown for aligning the incident beam to the 
center of rotation of the spindle 59. As shown, a shaft 
encoder 88 is coupled to the spindle 59. The shaft en- 
5 coder 88 outputs a pulse once for every revolution of the 
spindle 59. One trace of an oscilloscope 90 is coupled 
to the output of photodetector 66 for displaying the pho- 
todetector output. The oscilloscope 90 is sync/triggered 
with the output of the shaft encoder 88. 
10 to align the incident beam to the center of rotation 
of the spindle 59, the centration device 80, and thus the 
finely ruled surface 82, is mounted on the spindle 59 
proximate the center of rotation of the spindle 59, as best 
shown in Figure 5. The finely ruled surface 82 is then 
IS rotated on the spindle 59. A linearly polarized incident 
beam of light is generated by the laser 40. The intensity 
of the beam is set at a level that wilt not etch the ruled 
surface 82. The beam passes through modulator 44. 
Mirror 50 directs the linearly polarized incident beam 
20 through the beam separator 52. The beam then passes 
through the quarter-wave plate 56 which transforms the 
incident beam from linear to circular polarization. Mirrors 
51 , 55 then direct the incident beam to the first lens 54 
which focuses the incident beam to a point 79 on the 
25 ' rotating surface 82. The optics 55, 54 are initially posi- 
tioned' by the operator at what the operator believes to 
be the center of rotation of the spindle 59. 

A portion of the focused incident beam is reflected. 
Since the incident beam is focused to a fine point on the 
30 rotating surface 82, the reflected light effectively ema- 
nates from a point source. Thus, the lens 54 operates 
to collimate the reflected light and direct a reflected 
beam back toward the beam separator 52 via the mirrors 
51,55. 

3S As the reflected beam passes back through the 
quarter- wave plate 56 via mirrors 51 , 55, the beam sep- 
arator 52 deflects the reflected beam to the detector 
means 60. Lens 62 focuses the reflected beam through 
the. pin-hole. 69 and onto the. photodetector 66 which 
40 continuously measures the intensity of the reflected 
beam. Since the finely ruled surface 82 is constantly ro- 
tating, the intensity of the reflection is not steady, but 
rather oscillates at a frequency that depends on the dis- 
tance of the beam from the center of rotation of the spin- 
as die 59, Thus, the photodetector 66 produces a periodic 
signal having a frequency indicative of beam position 
relative to the center of rotation of the spindle. 

The signal is displayed on the oscilloscope 90. Be- 
cause the oscilloscope 90 is triggered by the output of 
50 the shaft encoder 88, the scope 90 displays the intensity 
of the reflected beam over a time equal to one revolution 
of the spindle 59. To obtain maximum centration of the 
beam, the operator mechanically adjusts the position of 
the optics 55, 54 parallel to the spindle 59 until the signal 
55 indicates maximum centration. Higher frequency oscil- 
lations of the displayed signal indicate greater distance 
of the beam from the center of rotation of the spindle. 
Figures 6 through 8 illustrate a typical beam alignment 
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sequence. 

In Figure 6, the optics (not shown) have been ini- 
tially positioned such that the incident beam is focused 
to a spot 79 on the ruled surface 82 at a relatively large 
distance from the center of rotation 92 of the spindle (not s 
shown). Accordingly, the displayed signal 94 from the 
photodetector 66 has a high frequency. As Illustrated in 
Figure 7, as the incident beam is moved closer to the 
center of rotation 92, the frequency of the displayed sig- 
nal 94 begins to decrease. Figure 8 depicts the dis- io 
played signal 94 when the incident beam is at maximum 
centration, i.e., is aligned with the center of rotation of 
the spindle. 

From the foregoing description it can be seen that 
the present invention comprises an apparatus for and '5 
method of etching the surface of a magnetic medium 
and for verifying that proper etching occurred. More par- 
ticularly, the present invention is directed to an appara- 
tus for etching a plurality of concentric optical servo 
tracks about the rotational axis of a magnetic disk having 20 
concentric magnetic data tracks wherein each optical 
servo track comprises a plurality of equally spaced 
etched stitches, and for verifying the stitch count of each 
optical servo track. In accordance with another feature 
of th e present invention , th e apparatus may add itibnaily '25 
be employed to determine the size of the etched spot 
on the surface of the medium. In accordance with yet 
another aspect of the present invention, the incident 
beam is aligned to the center of rotation of the spindle 
prior to etching the servo tracks. It will be appreciated 30 
by those skilled in the art that changes could be made 
to the embodiment described above without departing 
from the broad inventive concepts thereof. It is under- 
stood, therefore, that this invention is not limited to the 
parficular embodiment disclosed, but is intended to cov- ^ 
er all modifications which are within the scope of the in- 
vention as defined by the appended claims. 

Claims 40 

1. An apparatus for etching a point on the surface of 
a magnetic medium to reduce the reflectivity of said 
point and for verifying said etching, comprising: 

45 

a light source (40) for providing a collimated In- . 
cident beam of light; 

a first lens (54) situated in the path of the trans- 
mitted incident beam for focusing the incident 
beam to a point on the surface of the magnetic so 
medium (61), the focused Incident beam react- 
ing with the magnetic medium to reduce the re- 
flectivity of the surface at that point, a portion 
of the focused incident beam being reflected, 
said first lens (54) collimating the reflected ss 
beam and directing the ref I cted beam back to- 
ward the light source (40); 
means (53) for separating the reflected beam 



from the incident beam and for deflecting the 
reflected beam; and 

detector means (60) situated in the path of the 
deflected reflected beam for measuring the in- 
tensity of the reflected beam, and for comparing 
the measured intensity to a threshold value, 
whereby proper etching is verified if the inten- 
sity of the reflected beam is not less than the 
threshold value. 

2. The apparatus of claim 1 wherein the means for 
separating and for deflecting the reflected beam 
comprises: 

a polarizer (46) positioned in the path of the in- 
cident beam between the light source (40) and 
the first lens (54) for linearly polarizing the inci- 
dent beam in a first polarizing direction; 
a beam separator (52) positioned in the path of 
the incident beam between the polarizer and 
the first lens (54) having means for transmitting 
light linearly polarized in the first polarizing di- 
rection and for deflecting light linearly polarized 
in a direction orthogonal to the first polarizing 
direction, the beam separator (52) transmitting 
the incident beam; and 

means (56) positioned between the first tens 
(54) and the beam separator (52) for altering 
the polarization of the reflected beam relative 
to the incident beam such that the reflected 
beam is linearly polarized in a direction orthog- 
onal to the direction of polarization of the inci- 
dent beam thereby causing the beam separator 
(52) to deflect the reflected beam. 

3. The apparatus of claim 1 or 2 wherein the magnetic 
medium (61 ) is positioned in the focal plane of the 
first lens (54). 

4. The apparatus of any of claims 1 to 3 further com- 
prising: 

innaging means (76) positioned in the path of 
the deflected reflected beam for generating 
. from the reflected beam an image of the etched 
point on the surface of the medium; and 
means (74) for processing the generated image 
to determine the size of the etched point; and 
means for adjusting the focus of the first lens 
(54) if the size of the etched point exceeds a 
pre-determined tolerance. 

5. The apparatus of any of claims 1 to 4 wherein the 
magnetic rhedium (61) is a disc (10) having a rota- 
tional axis (1 6) and having concentric magnetic da- 
ta tracks (20) about said rotational axis (16), and 
wh rein the disk (10) is positioned substantially in 
th focal plane of the first lens (54), and wherein the 
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apparatus further comprises: 

means (59) for rotating the disc about the rota- 
tional axis thereof; 

means (44) for modulating the light source (40) s 
on and off for consecutively etching a plurality 
of equally spaced stitches about the rotational 
axis (16) of the medium (61), said plurality of 
stitches defining an optical serwo track (1 2, 1 4). 
said detector rneans (60) for verifying each con- io 
secutively etched stitch in the track; and 
means for moving the incident beam radially of 
the disc for etching each of a plurality of con- 
centric optical servo tracks about the rotational 
axis of the disc. ^5 

The apparatus of claim 5 wherein each optical servo 
track (1 2,1 4) has a pre-determined stitch count and 
wherein the apparatus further comprises: 

20 

a counter (72); 

means (70) for incrementirig the counter (72) 
' each time a stitch is verified; and 
means (74) for comparing the contents of the 
counter (72) to the pi-e-detenmined stitbh 'count', " 25 " 
whereby proper etching of each optical servo 
track is verified when the contents of the coun- 
ter (72) equal the pre-determined stitch count. 

The apparatus of any of claims 1 to 6 wherein the 30 
detector means (60) comprises: 

a second lens (62) situated in the path of the 
deflected reflected beam; 

an opaque screen (64) positioned substantially 3S 
in the focal plane of the second lens (62) and 
having a pin hole (69) substantially at the focal 
point of the second lens (62), said screen (64) 
, . for blocking out unfocused rays of light emanate . 
ing from the second lens (62); and 40 
a photodetector (66) positioned on the side of 
the screen (64) opposite the second lens (62) 
and proximate the pin hole (69) for producing a 
signal having a magnitude proportional to the 
intensity of the deflected reflected beam pass- 4S 
ing through the pin hole (69). 

The apparatus of claim 7 further comprising means 
for adjustably attenuating the reflected beam for 
protecting the photodetector (66) from damage due so 
the intensity of the reflected beam during etching 
and for allowing the same photodetector (66) to be 
used with various incident beam and reflected 
beam intensities. . ' 

55 

An apparatus for etching a plurality of concentric op- 
tical servo tracks (12, 14) about th rotational axis 
(16) of a magnetic storage disc (61 ) having concen- 



tric magnetic data tracks (20) about said rotational 
axis (16), wherein each optical sen/o track (12, 14) 
comprises a plurality of equally spaced etched 
stitches (18), and for verifying the stitch count of 
each track, comprising: 

means (59) for rotating the disc about the rota- 
tional axis thereof; 

a light source (40) for providing a collimated in- 
cident bearri of light; 

means (44) for modulating the light source on 
and off for consecutively etching the plurality of 
equally spaced stitches in each optical servo 
track; 

a polarizer (46) situated in the path of the inci- 
dent beam for linearly polarizing the incident 
beam in a first polarizing direction; 
a beam separator (52) situated in the path of 
the incident beam having means for transmit- 
ting light linearly polarized in the first polarizing 
direction and for deflecting light linearly polar- 
ized in a direction orthogonal to the first polar- 
izing direction, the beam separator (52) trans- 
mitting the incident beam; 
a first lens (54) situated ih the path of the 'trans- 
mitted incident beam for focusing the incident 
beam to a point on the magnetic disc, the first 
lens (54) being positioned such that the disc 
lies substantially in the focal plane of the first 
lens (54), the focused incident beam reacting 
with the rotating magnetic medium (61) to cre- 
ate a stitch on the medium having reduced re- 
flectivity, 

a portion of the focused incident beam being 
reflected, said first lens (54) collimating.the re- 
flected beam and directing the reflected bearn 
back toward the beam separator (52); 
means (56) for altering the polarization of the 
... _ reflected beam relative to the incident beam pri- 
or to passing back through the beam separator 
(52) such that the reflected beam is linearly po- 
larized in a direction orthogonal to the first po- 
larizing direction of the incident beam thereby 
causing the beam separator (52) to deflect the 
reflected beam; 

detector means (60) situated in the path of the 
deflected reflected beam for measuring the in- 
tensity of the reflected beam, and for comparing 
the measured intensity to a threshold value, 
and for incrementing a counter (72) when the 
measured intensity is not less than the thresh- 
old value; 

means for moving the incident beam radially of 
the. disc for etching each of the plurality of con- 
centric optrcal servo tracks. 

10. The apparatus of claim 9 wherein the detector 
means (60) comprises: 
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a second lens (62) situated in the path of the 
deflected reflected beam; 
an opaque screen (64) positioned substantially 
in the focal plane of the second lens (62) and 
having a pin hole (69) substantially at the focal 
point of the second lens (62), said screen (64) 
for blocking out unfocused rays of light emanat- 
ing from the second lens (62); and 
a photodetector (66) positioned on the side of 
the screen (64) opposite thet second lens (62) 
and proximate the pin hole (69) for producing a 
signal having a magnitude proportional to the 
intensity of the focused reflected beam passing 
through the pin hole (69). 

11. The apparatus of any of claims 2 to 10 wherein the 
means for transmitting light linearly polarized in the 
first polarizing direction and for deflecting light line- 
arly polarized in a direction orthogonal to the first 
polarizing direction comprises a multilayer dielectric 
thin film laser line coating. 

12. A method for verifying each stitch in an apparatus 
for etching a plurality of concentric optical servo 

'^tracks (12, 14) about the rotational axis (16) of a' 
magnetic storage disc (61 ) having concentric mag- 
netic data tracks (20) about the rotational axis (16), 
wherein each optical servo track (12, 1 4) comprises 
a plurality of equally spaced stitches (18) and 
wherein the stitches are consecutively etched by 
modulating on and off an incident beam of light fo- 
cused on said disc by a lens (54) as said disc ro- 
tates, and wherein a portion of said incident beam 
is reflected off the disk during the etching of each 
stitch, said method comprising the steps of: 

a) collimating the reflected portion of the inci- 
dent beam to produce a reflected beam; 

b) separating the reflected beam from the inci- 
dent beam; 

c) measuring the intensity of the reflected beam 
and comparing the measured intensity to a 
threshold value; and 

d) providing an indication of verification if the 
measured intensity is not less than the thresh- 
old value. 

13. The method of claim 1 2 wherein step (b) comprises 
the following steps: 

i) linearly polarizing the incident beam in a first 
polarizing direction prior to focussing said inci- 
dent beam on said disc; 

ii) altering the polarization of the reflected beam 
retativ to th incident beam such that the re- 
flected beam is linearly polarized in a direction 
orthogonal to the first polarizing direction of the 
incident beam; and 



iii) directing the incident beam and the reflected 
beam through a beam splitter having means tor 
transmitting a beam of light linearly polarized in 
the first polarizing direction and for deflecting 
5 light linearly polarized in a direction orthogonal 

to the first polarizing direction, whereby the in- 
cident beam is transmitted through the beam 
splitter and the reflected beam is deflected. 

10 14. The method of claim 1 3further comprising the steps 
of: 



i) repeatedly generating from the reflected 
beam an image of the etched point on the sur- 
face of the medium; 

ii) processing the generated image to deter- 
mine the size of the etched point; and 

iii) adjusting the focus of the lens if the size of 
the etched point exceeds a pre-determined tol- 
erance. 
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15. The method of any of claims 12 to 14 wherein said 
apparatus for etching further comprises: 

' optics (40) for generating said incident bearih of 
light for etching said optical servo tracks; and 
a spindle (59) having a center of rotation for ro- 
tating said disk in proximity to said optics, said 
method further comprising aligning the incident 
beam to the center of rotation of said spindle 
prior to etching said sen/o tracks, including the 
steps of: 

mounting a finely ruled surtace on said spindle 
proximate the center of rotation of said spindle; 
rotating said finely ruled surface on said spin: 
_dle; 

focusing said incident beam onto said rotating 
finely ruled surface, a portion of said incident 
. beam being reflected from. said ruled surface 
and forming a reflected beam; 
continuously measuring the intensity of the re- 
flected beam to produce a periodic signal hav- 
ing a frequency indicative of beam position rel- 
ative to said center of rotation of said spindle; 
mechanically adjusting the position of said op- 
tics parallel to said spindle until said signal in- 
drcates maximum centration, and 
preferably, further comprising the step of sepa- 
rating the reflected beam from the incident 
beam prior to measuring the intensity of the re- 
flected beam. 



Patentanspruche 

1 . Vorrichtung zum Atzen eines Punktes auf der Ober- 
flache ines magnetischen Mediums, um die Re- 
flektivrtat des Punktes zu reduzieren. und zum Ve- 
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rifizieren der Atzung, mit: 

einer Lichtquelle (40) zum Erzeugen eines kot- 
limierten Lichteinfallsstrahls; 
einer ersten in dem Pfad des durchgelassenen 5 
Elnfallsstrahls angeordneten Linse (54) zum 
Fokussieren des Einfallsstrahis auf einen 
Punkt auf der Oberflache des magnetischen 
Mediums (61), wobei der fokussierte Einfalls- 
strahl mit dem magnetischen Medium so rea- io 
giert, da3 er die Refiektivitat der Oberflache an 
diesem Punkt verringert, ein Teit des fokussier- 
ten Einfallsstrahis reflektiert wird, die erste Lin- 
se (54) den reflektierten Strahl kollimiert und 
den reflektierten Strahl zu der Lichtquelle (40) ^5 
zuruckleitet; 

einer Einrichtung (53) zum Trennen des reflek- 
tierten Strahls von dem Einfallsstrahl und zum 
Ablenken des reflektierten Strahls; und 
einer in dem Rad des abgelenkten reflektierten 20 
Strahls angeordneten Detektoreinrichtung (60) 
zum Messen der Intensitat des reflektierten 
Strahls und zum Vergletchen der gemessenen 
Intensitat mrt einem Schwellenwert, wodurch 
^ eine einwaridfreie Atzung verifiziert'wird, wenn 25 
die Intensitat des reflektierten Strahls nicht ge- 
ringer als der Schwellenwert ist. 

2. Vorrichtung nach Anspruch 1 , wobei die Einrichtung 
zum Trennen und zum Ablenken des reflektierten 30 
Strahls aufweist: 

einen Polarisator (46). der in dem Pfad des Ein- 
fallsstrahis zwischen der Lichtquelle (40) und 
der ersten Linse (54) zum linearen Polarisieren 35 
des Einfallsstrahis in einer ersten Polarisati-^ 
onsrichtung angeordnet ist; 
einen Strahltrenner (52), der in dem Rad des 
Einfallsstrahis zwischen dem Polarisator und 
der ersten Linse (54) angeordnet ist. mit einer 40 
Einrichtung. um in der ersten Polarlsationsrich- 
tung linear polarislertes Licht durchzulassen 
und um in einer Richtung senkrecht zu der er- 
sten Polarisationsrlchtung linear polarislertes 
Licht abzulenken, wobei der Strahltrenner (52) 45 
den Einfallsstrahl passieren Ia3t; und 
eine zwischen der ersten Linse (54) und dem 
Strahltrenner (52) angeordnete Einrichtung 
(56) zum Andem der Polarisationsrlchtung des 
reflektierten Strahls in Bezug auf den Einfalls- 
strahl in der Weise, daf3 der reflektierte Strahl 
in einer Richtung senkrecht zu der Polarisation 
des Einfallsstrahis linear polarisiert wird, wo- 
durch der Strahltrenner (52) dazii veranlaBt 
wird, den reflektierten Strahl abzulenken. ^ 

3. Vorrichtung nach Anspruch 1 oder 2, wobei das ma- 
gnetische Medium (61) in der Brennebene der er- 



sten Linse (54) angeordnet ist. 

4. Vorrichtung nach einem der Anspruche 1 bis 3, fer- 
ner mit: 

einer Abbildungseinrichtung (76) in dem Pfad 
des abgelenkten, reflektierten Strahls zum Er- 
zeugen einer Abbildung des geatzten Punktes 
auf der Oberflache des Mediums aus dem re- 
flektierten Strahl; 

einer Einrichtung (74) zum Verarbeiten der er- 
zeugten Abbildung zur Bestimmung der Gr63e 
des geatzten Punktes; und 
einer Einrichtung zum Einstellen des Fokusses 
der ersten Linse (54), wenn die GrolBe des ge- 
atzten Punktes einen vorbestimmten Toleranz- 
wert uberschreitet. 

5. Vorrichtung nach einem der Anspruche 1 bis 4, wo- 
bei das magnetische Medium (61) eine Platte (10) 
mit einer Rotationsachse (16) und mit konzentri- 
schen magnetischen Datenspuren (20) um die Ro- 
tationsachse (16) ist, und wobei die Platte (10) im 
wesentlichen in der Brennebene der ersten Linse 
'(54) angeordnet ist. und wobei die Vorrichtung fer- 
ner aufweist: 

eine Einrichtung (59)zum Drehen der Platte um 
ihre Rotationsachse; 

eine Einrichtung (44) zum Ein/Aus-Modulieren 
der Lichtquelle (40), um mehrere in gleichen 
Abstanden angeordnete Striche um die Rotati- 
onsachse (16) des Mediums (61) aufeinander- 
folgend zu atzen, wobei die mehreren Striche 
eine optische Servospur (12, 14) bilden, und 

die Detektoreinrichtung (60) jeden der aufein- 

anderfolgend In der Spur geatzten Strrche ve- 
rifiziert; und 

. eine Einrichtung zum Bewegen des Einfalls- 
strahis radial zu der Platte, um jede von meh- 
reren konzentrischen optischen Servospuren 
um die Rotationsachse der Platte zu atzen. 

6. Vorrichtung nach Anspnjch 5, wobei jede optische 
Seryospur (12, 14) eine vorbestimmte Strichanzahl 
aufweist, und wobei die Vorrichtung ferner aufweist: 

einen Zahler (72); 

eine Einrichtung (70) zum Inkrementieren des 
Zahlers (72) jedesmal dann, wenn ein St rich 
verifiziert ist; und 

eine Einrichtung (74) zum Vergleichen der In- 
halte des Zahlers (72) mit der vorbestimmten 
Strichanzahl, wodurch eine einwandfreie At- 
zung jeder optischen Servospur verifiziert wird, 
wenn die Inhalt des Zahlers (72) gleich einer 
vorbestimmten Strichanzahl sind. 
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7. Vorrichtung nach einem der Anspruche 1 bis 6, wo- 
bei die Detektoreinrichtung (60) autweist: 

etne zweite Linse (62), die in dem Pfad des ab- 
gelenkten reflektierten Strahls angeordnet ist; 5 
einen undurchsichtigen Schirm (64), der im we- 
sentliclien in der Brennebene der zweiten Linse 
(62) angeordnet ist, und eine im wesentlichen 
an dem Brennpunkt der zweiten Linse (62) an- 
geordnete Blende (69) autweist, wobei der 
Schirm (64) von der zweiten Linse (62) ausge- 
liende nicht fokussierte Lichtstralnlen ausfiltert; 
und 

einen Photodetektor (66), der auf der der zwei- 
ten Linse (62) gegenuberliegenden Seite des 
Schirms (64) und nahe an der Blende (69) po- 
sition iert ist, um ein Signal mit einer GroBe pro- 
portional zu der Intensitat des die Blende (69) 
passierenden abgelenkten reflektierten Licht- 
strahls zu erzeugen. 

8. Vorrichtung nach Anspruch 7, welche ferner eine 
Einrichtung zum einstellbaren Abschwachen des 
reflektierten Strahls fur den Schutzdes Photodetek- 
tors (66) vor Beschadigung aufgrund der Intensitat 
des reflektierten Strahls wahrend des Atzvorgangs 
und zum Ermoglichen der Ven/vendung desselben 
Photodetektors (66) bei verschiedenen Intensitaten 
des Einfailsstrahls und des reflektierten Strahls aut- 
weist, 

9. Vorrichtung zum Atzen mehrerer konzentrischer 
optischer Servospuren (12, 14) um die Flotations- 
achse (16) einer magnetischen Speicherplatte (61) 
mrt konzentrischen magnetischen Datenspuren 
(20) um die Rotationsachse (16),jwobei jede opti- 
sche Servospur (12, 14) mehrere in gleichen Ab- 
standen angeordnete Striche (18) autweist, und 
zum Verifizieren der Strichanzahl jeder Spur, mit: 

einer Einrichtung (59) zum Drehen der Platte 
um ihre Rotationsachse; 
einer Lichtquelte (40) zum Erzeugen eines kol- 
llmierten Lichteinfallsstrahls; 
einer Einrichtung (44) zum Ein/Aus-Modulieren 
der Lichtquelle, um die mehreren in gleichen 
Abstanden angeordneten Striche aufeinander- 
folgend in jeder optischen Servospur zu atzen; 
einem Polarisator (46), der in dem Rad des 
Einfailsstrahls zum linearen Polarisieren des 
einfallenden Strahls in einer ersten Polarisati- 
onsrtchtung angeordnet ist; 
einen Strahltrenner (52), der in dem Rad des 
Einfailsstrahls angeordnet ist und eine Einrich- 
tung autweist, um in der ersten Polarisations- 
rlchtung linear polarisiertes Licht durchzulas- 
sen und In einer Richtung senkrecht zu der er- 
sten Polarisationsrichtung linear polarisiertes 



Licht abzulenken, wobei der Strahltrenner (52) 
den Einfallsstrahl passieren laBt; 
einer in dem Pfad des durchgelassenen Ein- 
failsstrahls angeordneten ersten Linse (54) 
zum Fokussieren den einfallenden Strahls auf 
einen Punkt auf der Oberflache der magneti- 
schen Platte, wobei die erste Linse (54) so an- 
geordnet ist, daB die Platte im wesentlichen in 
der Brennebene der ersten Linse (54) angeord- 
net ist, der fokussierte Einfallsstrahl mit dem ro- 
tterenden magnetischen Medium (61) so rea- 
giert, daB er einen Strich auf dem Medium mit 
reduzierter Reflektlvitat erzeugt, 
wobei ein Teil des fokussierten Einfailsstrahls 
reflektiert wird, die erste Linse (54) den reflek- 
tierten Strahl kollimiert und den reflektierten 
Strahl zu dem Strahlteiler (52) zuruckieitet; 
einer Einrichtung (56) zum Andern der Polari- 
sationsrichtung des reflektierten Strahls in Be- 
zug auf den Einfallsstrahl vor dem Durchtritt 
durch den Strahlteiler (52) in der Weise, daB 
der reflektierle Strahl in einer Richtung senk- 
recht zu der ersten Polarisationsrichtung des 
Einfailsstrahls linear polarisiert wird, wodurch 
' der Strahltrenner (52) dazu veranlaBt wird, den 
reflektieriien Strahl abzulenken; 
einer Detektoreinrichtung (60), die in dem Pfad 
des abgelenkten reflektierten Strahls angeord- 
net ist, zum Messen der Intensitat des reflek- 
tierten Strahls und zum Vergleichen der ge- 
messenen Intensitat mrt einem Schwellenwert 
und zum Inkrementieren eines Zahlers (72), 
wenn die gemessene Intensitat nicht gertnger 
als der Schwellenwert ist; und 
einer Einrichtung zum Bewegen des Einfails- 
strahls radial zur Platte, um jede der mehreren 
konzentrischen optischen Servospuren zu at- 
zen. 

10. Vorrichtung nach Anspruch 9, wobei die Detektor- 
einrichtung (60) autweist: 

eine zweite Linse (62), die in dem Rad des ab- 
gelenkten reflektierten Strahls angeordnet ist; 
einen undurchsichtigen Schirm (64), der im we- 
sentlichen in der Brennebene der zweiten Linse 
(62) angeordnet ist und eine im wesentlichen 
an dem Brennpunkt der zweiten Linse (62) an- 
geordnete Blende (69) autweist, wobei der 
Schirm (64) dazu dient, von der zweiten Linse 
(62) ausgehende nicht fokussierte Lichtstrah- 
len auszufiltern; und 

einen Photodetektor (66), der auf der der zwei- 
ten Linse (62) gegenuberliegenden Seite des 
Schirms (64) und nahe an der Blende (69) po- 
sitloniert ist. um in Signal mit einer GroBe pro- 
portional zu der Intensitat des die Blende (69) 
passierenden fokussierten reflektierten Licht- 
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strahls zu erzeugen. 

11. Vorrichtung nach einem der Anspruche 2 bis 10, 
wobei die Einrichtung zum Durchlassen von Licht, 
das linear in der ersten Polarisationsrichtung pofa- 
risiert ist, und zum Ablenken von Licht, das linear 
in einer Richtung senkrecht zu der ersten Polarisa- 
tionsrichtung polarisiert ist, eine mehrlagige dielek- 
trische Dunnfilm-Laser-Linienbeschichtung aut- 
' we ist. 

12. Verfahren zum Verifizieren jedes Striches in einer 
Vorrichtung zum Atzen mehrerer konzentrischer 
optischer Sen^ospuren (12, 14) um die Rotations- 
achse (16y einer magnetischen Speicherplatte (61) 
mit konzentrischen magnetischen Datenspuren 
(20) um die Rotationsachse (16), wobei jede opti- 
sche Servospur (12, 14) mehrere in gleichen Ab- 
standen angebrdnete Striche (18) aufweist, und 
wobei die Striche aufeinanderfolgend durch Ein/ 
Aus-Modulatton eines Lichteinfallsstrahls geatzt 
werden, der von einer Linse (54) auf die Platte fo- 
kussiert wird, wenn die Platte rotiert, und wobei ein 
Teil des Einfallsstrahls von der Platte wahrend des 

' Atzens jedes Striches ref lektiert wird, und das Ver- 
fahren die Schritte aufweist: 

a) Kollimieren des reftektierten Anteils des Ein- 
fallsstrahls zum Erzeugen eines reflektierten 
Strahls; 

b) Trennen des reflektierten Strahls von dem 
Einfallsstrahl; 

c) Messen der Intensitat des reflektierten 
Strahls und Vergteichen der gemessenen In- 
tensitat mit einenri Schwellenwert; und 

d) Erzeugen einer Anzeige fur die Verifikation, 
wenn die gemessene Intensitat nicht kleiner als 
der Schwellenwert ist. 

13. Verfahren nach Anspruch 12, wobei der Schritt (b) 
die folgenden Schritte aufweist: 

i) Itneares Polarisieren des Einfallsstrahls in ei- 
ner ersten Polarisationsrichtung vor dem Fo- 
kussieren des Einfallsstrahls auf die Platte; 

ii) Andem der Polarisation des reflektierten 
Strahls bezogen auf den Einfallsstrahl in der 
Weise, daB der reflektierte Strahl in einer Rich- 
tung senkrecht zu der ersten Polarisationsrich- 
tung des Einfallsstrahls linear polarisiert wird; 
und 

iii) Fuhren des Einfallsstrahls und des reflek- 
tierten Strahls durch einen Strahlteiler mit einer 
Einrichtung zum Durchlassen eines in der er- 
sten Polarisationsrichtung linear polarislerten 
Lichtstrahls und zum Ablenken eines in iner 
Richtung senkrecht zu der ersten Polarisati- 
onsrichtung linear polarislerten Lichts, wodurch 
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der Einfallsstrahl durch den Strahlteiler hin- 
durchgelassen und der reflektierte Strahl abge- 
tenkt wird. 

5 14. Verfahren nach Anspruch 1 3, ferner mit den Schrit- 
ten: 

i) wiederholtes Erzeugen einer Abbildung des 
geatzten Punktes auf der Oberflache des Me- 

10 diums aus dem reflektierten Strahl; 

ii) Verarbeiten der erzeugten Abbildung, um die 
Gr63e des geatzten Punktes zu bestimmen; 
und 

iii) Einstellen des Fokusses der Linse, wenn die 
IS Gr63e des geatzten Punktes einen vorbe- 

stimmten Toleranzwert uberschreitet. 

1 5. Verfahren nach einem der Anspruche 1 2 bis 1 4, wo- 
bei die Vorrichtung zum Atzen ferner aufweist: 

20 

eine Optik (40) zum Erzeugen des Lichteinfalls- 
strahls zum Atzen der optischen Sen/ospuren; 
und 

eine Spindel (59) mit einem Rotationsmittel- 
25 ' punkt zurn Drehen der Platte in der Nahe der ^' 

Optik, wobei das Verfahren ferner das Ausrich- 
ten des Einfallsstrahls auf den Rotationsmittel- 
punkt der Spindel vor dem Atzen der Sen/ospu- 
ren mit den Schritten aufweist: 
30 Befestigen einer fein geteilten Oberflache auf 

der Spindel in der Nahe des Rotationsmittel- 
punktes der Spindel; 

Drehen der fein geteilten Oberflache auf der 
Spindel; 

3S Fokussieren des Einfallsstrahls auf die rotie- 

. TQn6e feiri geteilte Oberflache, wobei ein Teil 
des E infallsstrahls von der geteilten Oberflache 
reflektiert wird und einen reflektierten Strahl bil- 
det; 

40 kontinuierliches Messen der Intensitat des re- 

flektierten Strahls zum Erzeugen eines periodi- 
schen Signals mit einer Frequenz. welche die 
Strahlpositbn relativ zu dem Rotationsmittel- 
punkt der Spindel angibt; 

45 mechanisches Justieren der Position der Optik 

parallel zu der Spindel, bis das Signal eine nna- 
ximale Zentrierung anzeigt; und 
ferner bevorzugt den Schritt der Trennung des 
reflektierten Strahls von dem Einfallsstrahl vor 

so dem Messen der Intensitat des reflektierten 

Strahls aufweist. 



Revendicatlons 

55 

1. Appareil pour graver un point sur la surface d'un 
support magnStique pourdiminuer la rdflectivitddu- 
dit point et pour verifier ladite gravure, comprenant : 
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une source de lumiere (40), pour fournir un fais- 
ceau de Iumi6re collimat6 incident ; 
une premiere lentille (54), situee sur la chemin 
du faisceau incident transmis, pour mettre au 
point sur un point de la surface du support ma- s 
gnetique (61 ), le faisceau incident; le faisceau 
incident mis au point r^agissant avec le support 
magnetique pour diminuer la reflectivite de la 
surface en ce point, une portion du faisceau in- 
cident mis'au point 6tant r6fl6chie, ladite pre- 
miere lentille (54) collimatant le faisceau refl6- 
chi et dirigeant le faisceau refl6chi en retour 
vers la source de lumiere (40) ; 
des moyens (53), pour s^parer le faisceau r6- 5. 
flechi du faisceau incident et pour d6vier le fais- ^5 
ceau r6fl6chi ; et 

des moyens formant detecteur (60), situ6s sur 
te chemin du faisceau r6fl6chi d§vi6, pour me- 
surer I'lntensitd du faisceau r6f16chi et pour 
comparer I'lntensite mesur^e k une valeur de 20 
seuil, de fagon qu'une gravure convenable soit 
v^rifi^e si I'intensite du faisceau r^fi^chi n'est 
pas infdrieure ^ la valeur de seuil: 
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Appareil selbn la revendication 1, dahs lequel les 
moyens pour s6parer et pour d6vler le faisceau r6- 
fl6chl comprennent : 



un polariseur (46), positionn6 sur le chemin du 
faisceau incident, entre la source de Iumi6re 30 
(40) et la premiere lentille (54), pour polarlser 
Iln6airement le faisceau incident dans une pre- 
miere direction de polarisation ; 
un s6parateur de faisceau (52), positlonn6 sur 
le chemin du faisceau incident, entre le pola- 3S 
riseur et la premiere lentijie (54), comportant _ _ , 
des moyens pour transmettre la lumi^re polari- 
s^e lineairement dans la premiere direction de 
polarisation et pour ddvier la lumiere polarjsde 
lineairement dans une direction orthogonale h 40 6. 
la premiere direction de polarisation, le s^pa- 
rateur de faisceau (52) transmettant le faisceau 
Incident ; et 

des moyens (56), posit ionn^s entre la prernidre 
lentille (54) et le separate ur de faisceau (52), ^ 
pour modifier la polarisation du faisceau r6fl6- 
chi par rapport au faisceau Incident, de fagon 
que le faisceau r^fiechi soit polarise lineaire- 
ment dans urie direction orthogonale k la direc- 
tion de polarisation du faisceau. incident, provo- 50 
quant atnsi la deviation du faisceau r6fiechi par 
le separateur de faisceau (52). 



3. Appareil seldfi la revendication 1 ou 2, dans lequel 
le support magnetique (61) est positionne dans le 
plan focal de la premier lentille (54), 

4. Appareil selon Tune quelconque des revendications 
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1 a 3, comprenant en outre : 

des moyens de formation d' image (76), posi- 
tionnes sur le chemin du faisceau refiechi de- 
vie, pour generer, depuis le faisceau refiechi, 
une image du point grave sur la surface du 
support ; et 

des moyens (74), pour traiter I'image generee 
pour determiner la taille du point grave ; et 
des moyens pour regler le foyer de la premiere 
lentille (54) si la taille du point grave depasse 
une tolerance predeterminee. 

Appareil selon I'une quelconque des revendications 
1 k 4, dans lequel le support magnetique (61) est 
un disque (10) ayant un axe de rotation (1 6) et com- 
portant des pistes de donnees magnetiques con- 
centriques (20) autour dudit axe de rotation (16) et 
dans lequel te disque (10) est positionne sensible- 
ment dans le plan focal de la premiere lentille (54) 
et dans lequel I'appareil comprend en outre : 

des moyens (59), pour faire tourner le disque 
autouV de son axe de rotation ; 
des rrioyens (44) pour moduler la source de lu- 
miere (40) pour etre active ou non-active, pour 
graver cons6cutivement une pluralite de piqO- 
res egalement espacees autour de I'axe de ro- 
tation (16) du support (61), ladite pluralite de 
piqOres definlssant une sen/o-piste optique 
(12, 14), lesdits moyens formant detecteur (60) 
etant destines k verifier chaque piqure gravee 
cons6cutivement sur la piste ; et 
des moyens pour deplacer le faisceau incident 
. radialement par rapport au disque, pour graver 
chacune parnrii une pluralite de servo-pistes op- 
tiques concentriques autour de I'axe de rotation 
du disque. 

Appareil selon la revendication 5, dans lequel cha- 
que sen^o-piste optique (1 2, 1 4) a un compte de pl- 
qOres predetermine et dans lequel I'appareil com- 
prend en outre : 

un compteur (72) ; 

des moyens (70), pour incrementer le compteur 
(72) k chaque fois qu'une piqOre est verifi6e ; et 
des moyens (74), pour comparer le contenu du 
compteur (72) au compte de piqOres predeter- 
mine, de fagon qu'une gravure convenable de 
chaque servo-piste optique soit vertfiee torsque 
le contenu du compteur (72) est egal au compte 
de piqOres predetermine. 

Appareil selon I'un qu Iconque des revendications 
1 k 6, dans lequel les moyens formant detecteur 
(60) comprennent : 
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une deuxieme lentille (62), situee sur le chemin 
du faisceau refl6chi d6vi6 ; 
un ecran opaque (64), positionne sensibtement 
dans !e plan focal de la deuxieme lentille (62) 
at comportant un trou d'epingle (69) sensible- 
ment au point focal de la deuxieme lentille (62), 
ledit 6cran (64) §tant destine k bloquer les 
rayons de lumi^re non-mis au point sortant de 
ia deuxieme lentille (62) ; et 
un photod6tecteur (66), positionn6 sur le cot6 
de I'ecran (64) oppose k la deuxieme lentille 
(62) et pr^s du trou d'epingle (69). pour produi- 
re un signal ayant une amplitude proportionnel- 
le k I'intensite du faisceau reflechi devi6 traver- 
sant le trou d'epingle (69). 

Appareil selon la revendication 7, comportant en 
outre des moyens pour att6nuer de manidre r6gla- 
ble le faisceau r^fiiSchi, pour protege r le photod6- 
tecteur (66) de deigats dus k I'intensite du faisceau 
r6fl6chi pendant la gravure et pour permettre k ce 
meme ph6tod6tecteur (66) d'etre utilise avec diver- 
ses intensit6s de faisceau incident. et de faisceau 
r6fl6chi. 

Appareil pour graver une pluralite de sen/o-pistes 
optiques concentriques (12, 14) autour de I'axe de 
rotation (16) d'un disque de stockage magn6tique 
(61 ) ayant des pistes de donnees magn6tiques con- 
centriques (20) situ6es autour dudit axe de rotation 
(16), dans lequel chaque servo-piste optique (12, 
1 4) comprend une pluralite de piqures gravies 6ga- 
lement espac6es (18) et pour verifier le compte de 
piqures de chaque piste, comprenant : 

des moyens (59). pour faire tourher le disque 
autour de son axe de rotation ; 
une source de lumidre (40), pour fournir un fais- 
ceau de Iumi6re collimat6 incident ; ^ , 
des moyens (44) pour moduler la source de lu- 
mi^re pour §tre active ou non-active, pour gra- 
ver cons^cutivement la pluralite de piqOres 
6galement espac6es de chaque dite sen/o-pis- 
te optique ; . ^ 

un polariseur (46). situ6 sur le chemin du fais- 
ceau incident, pour polariser lin^airement le 
faisceau incident dans une premiere direction 
de polarisation ; 

un separateur de faisceau (52), sltu6 sur le che- 
, nnin du^ faisceau incident, comportant .des 
moyens pour transmettre la lumidre polaris6e 
lineairement dans la premiere direction de po- 
larisation et pour d6vier la lurnidre pplaris6e li- 
n6airement dans Line direction orthogpnale ^ la 
premiere direction de polarisation, le s§para- 
teur de faisceau (52) transmettant I faisceau 
incident ; 

un premiere lentille (54), situee sur le chemin 



du faisceau incident transmis, pour mettre au 
point le faisceau incident sur un point situ6 sur 
le disque magnetique, la premiere lentille (54) 
6tant positionn^e de fagon que le disque se 

5 trouve sensiblement dans le plan focal de la 

premiere lentille (54), le faisceau incident mis 
au point r^agissant avec le support magnetique 
rotatif (61 ) pour creer une piqure sur le support, 
ayant une reflectivite reduite ; 

10 une portion du faisceau incident mis au point 

etant refl6chie, ladite premiere lentille (54) col- 
lihnatant le faisceau reflechi et dirigeant le fais- 
ceau refiechi en retour vers le s6parateur de 
faisceau (52) ; 

15 des moyens (56) pour modifier la polarisation 

du faisceau r6fiechi par rapport au faisceau in- 
cident, avant de revenir en traversant le sdpa- 
rateur de faisceau (52), de fa^on que le fais- 
; ceau reflechi soit polarise lineairement dans 

20 une direction orthogonale k la premiere direc- 

tion de polarisation du faisceau incident, provo- 
quant ainsi la deviation du faisceau reflechi par 
; te separateur de faisceau (52) ; 
des moyens formant detecteur (60), sitiies sur 

25 ■ " te chemin du faisceau reflechi d6vie, pour me- 
surer I'intensite du faisceau reflechi et pour 
comparer I'intensite mesuree k une valeur de 
seuil, et pour incrementer un compteur (72) 
lorsque I'intensite mesuree n'est pas inferieure 

30 k la valeur de seuil ; 

des moyens pour deplacer le faisceau incident 
de maniere radiate par rapport au disque pour 
graver chacune parmi la pluralite de servo-pis- 
tes optiques concentriques. 

35 

. 10. Appareil selon la revendication 9, dans jequel les 
nnoyens formant detecteur (60) comprennent : 

une deuxieme lentille (62), situee sur le chemin . 

40 du faisceau reflechi d6vie ; 

un ecran opaque (64), positionne sensiblement 
dans le plan focal de la deuxieme lentille (62) 
et comportant un trou d'epingle (69) sensible- 
ment au point focal de la deuxieme lentille (62), 

45 ledit ecran (64) etant destine k bloquer les 

rayons de lumiere non-mis au point sortant de 
, la deuxieme lentille (62) ; et 
un photodetecteur (66), positionne sur le cote 
de recran (64) oppose k la deuxieme lentille 

50 (62) et pres du trou d'epingle (69), pour produi- , 

re un signal ayant une amplitude proportionnel- 
le k rintenslte du faisceau reflechi devie traver- 
sant le trou d'epingle (69). 

55 11. Appareil selon I'un quelconquedesrevendlcations 
2^10, dans lequel les moyens pour transmettr la 
lumiere polarlsee lineairement dans la premiere di- 
rection de polarisation et pour devier la lumiere po- 
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larisee lineairement dans une direction orthogonale 
6 la premiere direction de polarisation, compren- 
nent un revetement par laser de film mince dielec- 
trique multicouches, 

5 

12. Precede pour verifier chaque piqure dans un appa- 
reil pour graver une plurality de servo-pistes opti- 
ques concentriques (12. 14) autour de I'axe de ro- 
tation (16) d'un disque de stockage magnetique 

(61 ) ayarit des pistes de donn6es magn6tiques con- io ' 
centriques (20) situ^es autour de t'axe de rotation 
(liS), dans lequel chaque servo-piste optique (12, 
14) comprend une plurality de piqOres 6galement 
espac6es (18) et dans lequel les piqQres sont gra- 
vies cons^cutivement par modulation d'un fais- is 
ceau de Iuml6re incident actif et non-actif, mis au 
point sur ledit disque par une lentille (54), pendant 
que ledit disque toume, et dans lequel une portion 
dudit faisceau incident est rdfl^chie par le disque 
pendant la gravure de ladite piqure, comprenant les 20 
stapes consistant ^ : 

a) collimater la portion r^fl^chie'du faisceau in- 
cident pour produire un faisceau r^fli^chi ; 
by sdparer le faisceau r6fl6chi du faisceau 2S 
incident ; 

c) mesurer rintensit6 du faisceau r6fl6chi et 
comparer t'lntensitd mesur^e 4 une valeur de 
seuil ; et 

d) fournir une indication de verification si Tin- 30 
tensftd mesur^e n'est pas infdrieure k la valeur 

de seuil. 

13. Procddd selon la revendication 12, dans lequel 
r6tape (b) comprend les 6tapes suivantes : 35 

i) polarisation lindaire du faisceau incident dans 
une premidre direction de polarisation avant de 

^ mettre au point ledit faisceau incident sur ledit 
disque ; 40 

ii) modification de la polarisation du faisceau r^- 
fl^hi par rapport au faisceau incident, de fagon 
que le faisceau r^fl^chi soit polarlsd lineaire- 
ment dans une direction orthogonale k la pre- 
miere direction de polarisation du faisceau 45 
incident ; et 

iii) envoi du faisceau incident et du faisceau re- . . 
fiechi k travers un separateurde faisceau com- 
portant des moyens pour transmettre un fais- 
ceau de lumiere polarisee lineairement dans la sp 
premiere direction de polarisation et pour de- 
vier la lumiere polarisee lineairement dans une 
direction orthogonale k la premiere direction de 
polarisation, de fa9on que le faisceau incident 
soit transmis k travers le separateur de fais- 55 
ceau et que I faisceau reftecbi soit devie. 



outre les etapes consistant a : 

i) generer de fagon repetee, k partir du faisceau 
retiechi, une image du point grave sur la surfa- 
ce du support ; 

ii) traiter I'image g6n6r6e pour determiner la 
taille du point grave ; et 

iii) regler la mise au point de la lentille si la taille 
du point grave depasse une tolerance prede- 
termln6e. 

1 5. Procede selon Tune quelconque des revendications 
12 a 14, dans lequel ledit appareil de gravure 
comprend : 

des disposltifs optiques (40) pour g6n6rer ledit 
faisceau de lumiere incident pour graver lesdi- 
tes servo-pistes optiques ; et 
un mandrin (59), ayant un centre de rotation 
pour faire tourner ledit disque k proximite des- 
dits disposltifs optiques, ledit procede compre- 
nant en outre Talignement du faisceau incident 
avec le centre de rotation dudit mandrin, avant 
de graver lesdites servo-pistes, comportant les 
etapes consistant k : 

monter une surface finement regiee sur ledit 
mandrin. k proximite du centre de rotation dudit 
mandrin ; 

faIre tourner ladite surface finement regiee sur 
ledit mandrin ; 

mettre au point ledit faisceau incident sur ladite 
surface finement regiee qui tourne, une portion 
dudit faisceau incident etant refiechie par ladite 
surface regiee et formant un faisceau refiechi ; 
mesurer en continu I'intensite du faisceau re- 
fiechi pour produire un signal periodique ayant 
une frequence indtquant la position du faisceau 
par rapport audit centre de rotation dudit 
mandrin ; . . 

regler mecanlquement la position desdits dis- 
positlfs optiques paralieiement audit mandrin 
jusqu'^ ce que ledit signal indique un centrage 
maximum ; et 

comprenant en outre au pr6alable retape^on- 
sistant k separer le faisceau refiechi du fais- , 
ceau incident avant de mesurer I'intensite du 
faisceau refiechi. 



14. Precede selon la revendication 13. comprenant en 
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FIG. 6 
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